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PREFACE 
This  r e p o r t  i s  a supplement t o  NASA CR 172332 and 
describes t h e  r e s u l t s  of a t e c h n i c a l  survey i n  t h e  
a p p l i c a t i o n  of o p t i c a l  technology t o  a i r c r a f t  f l i g h t  
c o n t r  ol s . 
T h i s  survey  was conducted by HR Text ron  Inc.  under 
c o n t r a c t  NAS1-17403 and t h e  Technical  R e p r e s e n t a t i v e  of t h e  
C o n t r a c t i n g  Off icer  was Mr. Cary S p i t z e r ,  NASA Langley 
Research Center .  The m a t e r i a l  p r e s e n t e d  h e r e i n  s o l e l y  
r e p r e s e n t s  t h e  f i n d i n g s  and o p i n i o n s  of t h e  a u t h o r s  and i s  
n o t  t o  be cons t rued  a s  being endorsed by t h e  U S  Government 
or r e p r e s e n t a t i v e s  of t h e  Nat iona l  Aeronaut ics  and Space 
Admin i s t r a t ion .  
A s  p a r t  of t h i s  survey t a s k ,  an o p t i c s  technology 
q u e s t i o n n a i r e  was forwarded t o  prominent t e c h n o l o g i s t s .  The 
a u t h o r s  wish t o  acknowledge t h e  c o n t r i b u t i o n  provided by . 
respondents ,  and t o  n o t e  t h a t  t h e  conc lus ions  drawn from t h e  
q u e s t i o n n a i r e  a r e  n o t  n e c e s s a r i l y  endorsed by t h e  
c o n t r i b u t o r s .  
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INTRODUCTION 
A survey  of technology i n  f l i g h t  c r i t i c a l  ( c ruc ia l )  
f l i g h t  c o n t r o l s  was conducted ' for NASA Langley Research 
Center  as  a data base f o r  p lanning  f u t u r e  r e s e a r c h  and 
technology programs. The r e s u l t s  of t h a t  survey were 
pub l i shed  i n  A p r i l  1 9 8 4 .  As an  e x t e n s i o n  of t h a t  t a s k ,  a 
complementary survey was conducted t o  a c c e s s  t h e  s t a t e - o f -  
technology i n  o p t i c a l  dev ices  f o r  a p p l i c a t i o n  t o  a i r c r a f t  
f l i g h t  c o n t r o l s ,  and is  r epor t ed  here. 
There a r e  s e v e r a l  mo t iva t ions  f o r  cons ide r ing  o p t i c a l  
e lements  i n  a i r c r a f t  f l i g h t  c o n t r o l  systems. Ring l a se r  
gy ros  are be ing  used i n  some systems because of improved 
r e l i a b i l i t y  and maintenance. F ibe r  o p t i c a l  data  l i n k s  
have been used f o r  high speed in t e r - channe l  data  t r a n s f e r  
among t h e  d i g i t a l  computers on t h e  Boeing YC-14. The 
s t r o n g e s t  mo t iva t ion  c u r r e n t l y  f o r  a " f ly -by- l igh t "  system 
is  t o  reduce o r  e l i m i n a t e  t h e  s u s c e p t i b i l i t y  t o  e l e c t r o -  
magnet ic  i n t e r f e r e n c e  (EMI)  and e lec t ro-magnet ic  p u l s e  (EMP) 
due t o  nuc lea r  weapons. The term " f ly -by- l igh t "  (FBL) is  
n o t  p r e c i s e  b u t  g e n e r a l l y  means a t  l e a s t  t h a t  f i b e r  o p t i c s  
a re  used f o r  t h e  primary data l i n k s  between t h e  p r i n c i p a l  
e lements ,  1.e. , t h e  f l i g h t  c o n t r o l  computers,  t h e  
s e n s o r s / t r a n s d u c e r s  and t h e  a c t u a t o r s .  FBL systems cou ld  
a l s o  i n c l u d e  o t h e r  o p t i c a l  e lements ,  e.g. , o p t i c a l  p o s i t i o n  
t r ansduce r .  They g e n e r a l l y  do no t  cons ide r  o p t i c a l  
p rocess ing .  There a r e  no FBL systems i n  p roduc t ion  a i r c r a f t  
a t  t h i s  t i m e  and t h e  technology is i n  v a r i o u s  s t a g e s  of 
development . 
The survey cove r s  t h e  v a r i o u s  o p t i c a l  e lements  t h a t  a r e  
cons ide red  i n  a " f ly-by- l igh t"  f l i g h t  c o n t r o l  system 
i n c l u d i n g  o p t i c a l  s e n s o r s  and t r a n s d u c e r s ,  o p t i c a l  d a t a  
l i n k s ,  so -ca l l ed  o p t i c a l  a c t u a t o r s ,  and o p t i c a l /  
e l e c t r o - o p t i c a l  p rocess ing .  I t  a l s o  addresses a i r f r a m e  
i n s t a l l a t i o n ,  maintenance, and r e p a i r  issues. Rather  t han  
an in-depth t r ea tmen t  of o p t i c a l  technology,  t h e  survey 
c o n c e n t r a t e s  on technology r e a d i n e s s  and t h e  p o t e n t i a l  
advantages/disadvantages o f  apply ing  t h e  technology. The 
in fo rma t ion  was assembled from open l i t e r a t u r e ,  pe r sona l  
i n t e r v i e w s ,  and r e sponses  t o  a q u e s t i o n n a i r e  d i s t r i b u t e d  
s p e c i f i c a l l y  f o r  t h i s  survey. Not a l l  of t h e  in fo rma t ion  
o b t a i n e d  was c o n s i s t e n t ,  p a r t i c u l a r l y  wi th  r e s p e c t  t o  
technology r e a d i n e s s .  The body of t h i s  r e p o r t  p r e s e n t s  t h e  
a u t h o r s '  s y n t h e s i s  of in format ion  i n t o  t h e i r  p e r c e p t i o n  of 
t h e  s ta te -of - technology.  The basic in fo rma t ion  from t h e  
q u e s t i o n n a i r e  responses  i s  inc luded  i n  Appendix A .  
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OVERALL ASSESSMENT 
While c o n s i d e r a b l e  r e sea rch  and development ( R & D )  has  
been conducted i n c l u d i n g  component f a b r i c a t i o n ,  l a b o r a t o r y  
and f l i g h t  demonst ra t ion  t e s t i n g ,  t h e  ger,eral  consensus i s  
t h a t  o p t i c a l  technology fo r  f l i g h t  c r i t i c a l  f l i g h t  c o n t r o l  
system a p p l i c a t i o n s  i s  s t i l l  i n  t h e  developmental  s t a g e .  
F i b e r  o p t i c  da ta  l i n k s  a r e  c u r r e n t l y  being used i n  
p roduc t ion  a i r c r a f t  f o r  c e r t a i n  a v i o n i c  systems,  s u c h  as 
communications, n a v i g a t i o n  and weapon systems;  b u t ,  n o t  f o r  
f l i g h t  c o n t r o l .  The most e x t e n s i v e  f l i g h t  demonst ra t ion  of 
FBL w i l l  be conducted by t h e  Boeing V e r t o l  team as p a r t  of 
t h e  Army's ADOCS program. The Army's J V X  i s  t h e  f i r s t  f u l l  
scale  eng inee r ing  development program c o n s i d e r i n g  a FBL 
system. The e x t e n t  t o  which o p t i c a l  e lements  w i l l  be used 
i n  JVX i s  y e t  t o  be determined. The re  are  widely d i f f e r i n g  
views i n  t h e  f l i g h t  c o n t r o l s  t e c h n i c a l  community about  t h e  
technology r e a d i n e s s  of f u l l  FBL and even t h e  n e c e s s i t y  f o r  
FBL t o  avoid  EMI/EMP problems. Most t e c h n o l o g i s t s  a g r e e  
t h a t  f i be r  o p t i c s  data busses a r e  b e n e f i c i a l  t o  reduce 
EMI/EMP e f f ec t s  b u t  a r e  d iv ided  over t h e  r e a d i n e s s  of o t h e r  
o p t i c a l  e lements  o t h e r  than  r i n g  l a s e r  gyros ,  of course .  
Some t e c h n o l o g i s t s  b e l i e v e  t h a t  t h e  technology f o r  a FBL 
system from s e n s o r s / t r a n s d u c e r s  t o  computer t o  a c t u a t o r  w i l l  
no t  be s u f f i c i e n t l y  developed f o r  p roduc t ion  a p p l i c a t i o n s  
u n t i l  about t h e  yea r  2 0 0 0 .  I t  i s  c l e a r  t h a t  t h e  u s e  of such 
e lements  a s  p o s i t i o n  t r a n s d u c e r s  ( l i n e a r  o r  r o t a t i o n a l ) ,  
f i b e r  o p t i c  r o t a t i o n  senso r s ,  o p t i c a l l y  a c t u a t e d  a c t u a t o r s ,  
and c e r t a i n  o t h e r  e lements  i n  t h e  1980's w i l l  f a c e  a number 
of development pr ob1 ems. 
E s s e n t i a l l y  t h e  d a t a  base  i s  incomple te  and concerns  
e x i s t  on r e l i a b i l i t y ,  t empera ture  e f f e c t s ,  and f i e l d  
main tenance / repa i r  t echniques  among o t h e r s .  These unknowns 
a r e  be ing  q u a n t i f i e d  as  t h e  m i l i t a r y  programs and o t h e r  R & D  
a c t i v i t i e s  c o n t i n u a l l y  nour i sh  t h e  r e q u i r e d  data base. The 
Army's Advanced D i g i t a l  Op t i ca l  Control  System (ADOCS) 
program was t h e  most f r e q u e n t l y  c i t ed  a c t i v i t y  c o n t r i b u t i n g  




The o p t i c a l  elements and 
a p p l i c a t i o n  i n  f l i g h t  c o n t r o l  
ELEMENTS 
issues  a s s o c i a t e d  wi th  t h e  
systems a r e  d i scussed  below. 
TRANSDUCERS -- Developments have been i n  p r o c e s s  f o r  s e v e r a l  
y e a r s  and some d e v i c e s  have been  f l i g h t  t e s t e d  b u t  t h e  
technology f o r  f l i g h t  q u a l i f i e d  o p e r a t i o n a l  a p p l i c a t i o n  i s  
s t i l l  immature. Cur ren t  des igns  of bo th  l i n e a r  and 
r o t a t i o n a l  t r a n s d u c e r s  a r e  q u i t e  l a r g e  and c o n s i d e r a b l e  
development w i l l  be needed t o  produce,compact ,  p r a c t i c a l  
dev ices .  
Among t h e  developments of o p t i c a l  p o s i t i o n  t ransducers  
under t h e  Army ADOCS program were t h o s e  of Sper ry  F l i g h t  
Systems and Boeing Aerospace. Both conceptua l  developments 
demonstrated t h e  f e a s i b i l i t y .  
The Spe r ry  u n i t  c o n s i s t e d  of a l i n e a r  p o s i t i o n  t r a n s d u c e r  
( L P T ) ,  f i b e r  o p t i c  l i n k  and an  e l e c t r o n i c  i n t e r f a c e  u n i t  
( E I U ) .  A s  o u t l i n e d  i n  Reference 1, ( F i g u r e  1) t h e  LPT 
performs t h e  o p t i c a l  p o s i t i o n  coding f u n c t i o n  ( u s i n g  a 
r e f l e c t i v e  e l e m e n t )  and t h e  s e r i a l  time d i v i s i o n  
mu1 t i p l e x i n g .  The f i b e r  o p t i c  t r a n s m i t t e r  and r e c e i v e r  
a long  w i t h  t h e  a s s o c i a t e d  c o n t r o l  and t iming  c i r c u i t r y  a r e  
con ta ined  i n  t h e  E I U .  
p u l s e  which i s  d iv ided  among t h e  de l ay  f i b e r s  and rou ted  t o  
t h e  o p t i c a l  encoder.  The encoding s c a l e  i s  d i r e c t l y  
connected t o  t h e  t ransducer  s h a f t  and c o n t a i n s  a grey code 
p a t t e r n .  As t h e  s c a l e  moves unde r  t h e  " read"  head,  t h e  
de layed  p u l s e s  a r e  r e f l e c t e d  back i n t o  t h e  f i b e r s  o r  
absorbed depending on t h e  code p a t t e r n  a t  t h e  p a r t i c u l a r  
l o c a t i o n .  The o p t i c a l  coupler  s e r i a l l y  combines t h e  time 
s h i f t e d  s i g n a l s  on to  t h e  ou tpu t  channel  and,  t h u s ,  on ly  two 
o p t i c a l  f i b e r s  a r e  r equ i r ed  between t h e  LPT and EIU. 
The LPT i s  o p e r a t e d  by a n  o p t i c a l  
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G R A W O D E  
PAlTERN 
A f t e r  s t u d y i n g  fou r  d i s t i n c t  concep t s ,  t h e  Boeing des ign  
selected was an ana log  approach wherein va r i ab le -wid th  s l i t s  
were t r a n s l a t e d  p a s t  a p a i r  of viewing a p e r t u r e s  t o  form a 
p o s i t i o n  dependent d i f f e r e n t i a l  s i g n a l  (Reference 2 ) .  As 
shown i n  F i g u r e  2 ,  l i g h t  e n t e r s  a n  i n p u t  mixing rod/prism 
which p rov ides  a uniform r e c t a n g u l a r  beam a c r o s s  t h e  two 
t a p e r e d  s l i t s  of t h e  encoder.  
t r a n s m i t  t h e  l i g h t  t o  t h e  two o u t p u t  f i b e r s .  P o s i t i o n  is 
d e r i v e d  from t h e  d i f f e r e n c e  between t h e  o u t p u t  l i g h t  l e v e l s  
(Reference  3 )  
Two o u t p u t  mixing rods  
ORIGIWIA a 
W/\ INPUT F I B E R  OPTICS 
LINPUT MIXING ROOIPRISMS 
Figure 2 ANALOG LPT CONCEPT (BOEING) 
Other  l i n e a r  and r o t a t i o n a l  t r a n s d u c e r s  have been  and/or a r e  
be ing  developed under IRAD by s e v e r a l  companies, e.g. ,  . Marconi Avionics ,  TRW, and Hamilton-Standard (see Appendix 
B ) .  Two dev ices  have been s u c c e s s f u l l y  f l i g h t  t e s t e d  i n  t h e  
Navy T-2C and Army AH-1s a i r c r a f t  which  are  d i scussed  i n  a 
l a t e r  s e c t i o n .  
SENSORS -- Sensors  cover a ve ry  broad c l a s s  of d e v i c e s  b u t  
t h o s e  of most d i r e c t  i n t e r e s t  t o  f l i g h t  c o n t r o l s  a r e  angu la r  
r a t e  s e n s o r s  and l i n e a r  acc l e romete r s .  
h i g h l y  developed optical sensor  f o r  f l i g h t  c o n t r o l s  i s  t h e  
r i n g  laser  gyro  (RLG). RLGs a r e  now be ing  a p p l i e d  i n  s t r a p -  
down i n e r t i a l  n a v i g a t i o n  systems i n  both  m i l i t a r y  and 
commercial a i r c ra f t .  An e x c e l l e n t  review of t h e  technology 
i s  p resen ted  i n  Reference 4 .  
have been low c o s t  and high r e l i a b i l i t y  r a t h e r  t han  
performance accuracy improvements. 
Probably t h e  most 
The technology d r i v e r s  f o r  RLGs 
8 
. 
R L G s  overcome some problems a s s o c i a t e d  w i t h  r o t a t i n g  mass 
gyroscopes b u t  have o t h e r  compl i ca t ions  s u c h  a s  f requency  
lock ing  a t  low r a t e s ,  high v o l t a g e  requi rements  and 
extremely low sca t t e r  o p t i c s .  F i b e r  o p t i c s  r o t a t i o n a l  
s enso r  ( F O R S )  which have been under development f o r  a t  l e a s t  
a decade, have e x c e l l e n t  p o t e n t i a l  f o r  low c o s t  and h igh  
r e l i a b i l i t y  s i n c e  they  have no moving p a r t s ,  u s e  a l l  s o l i d -  
s t a t e  o p t i c s  and e l e c t r o n i c s  and r e q u i r e  on ly  low-vol tage 
l e v e l s .  A r e c e n t  review of t h e  t heo ry  and s t a t e  of t h e  a r t  
i s  p resen ted  i n  Reference 5. R & D  a c t i v i t i e s  con t inue  on 
s u c h  issues as s e n s i t i v i t y ,  l i n e a r i t y ,  dynamic range,  and 
packaging. A s u i t a b l e  d e v i c e  f o r  u s e  i n  a strap-down 
i n e r t i a l  system is expec ted  w i t h i n  t h e  n e x t  f i v e  y e a r s .  
Optical l i n e a r  a c c e l e r o m e t e r s  a r e  much l e s s  developed. Some 
company I R A D  programs on o p t i c a l  a c c e l e r o m e t e r s  and v e l o c i t y  
s e n s o r s  were i d e n t i f i e d  i n  t h e  su rvey  b u t  none appeared  
c l o s e  t o  be ing  ready f o r  f l i g h t  c o n t r o l s  a p p l i c a t i o n .  
CONNECTORS -- Technology i s  r e l a t i v e l y  mature  and many 
connec to r s  a r e  a v a i l a b l e .  A MIL-STD-38999 m u l t i p i n  
connector  h a s  been  q u a l i f i e d  f o r  f i b e r  o p t i c s .  The u s e  by 
t h e  tele-communication i n d u s t r y  is  t h e  d r i v i n g  development 
f o r c e .  
DATA BUSSING -- Fiber  o p t i c s  d a t a  buss ing  i s  f a i r l y  w e l l  
advanced. They a r e  c u r r e n t l y  be ing  used i n  some p roduc t ion  
a i r c r a f t  f o r  a v i o n i c  and weapon systems data  l i n k s .  The 
s p e c i f i c a t i o n  f o r  t h e  MIL STD 1733 F i b e r  Op t i c  d a t a  b u s  i s  
i n  t h e  p rocess  of be ing  r e l e a s e d .  Th i s  b u s  h a s  been d e f i n e d  
us ing  MIL-STD-1553 p r o t o c o l .  These s t a n d a r d s  a re  used  f o r  
a v i o n i c s  d a t a  busses  b u t  a re  n o t  w e l l  s u i t e d  f o r  f l i g h t  
c o n t r o l s  a p p l i c a t i o n s .  Research is underway t o  d e f i n e  a 
s u i t a b l e  s t a n d a r d  f o r  a f l i g h t  c o n t r o l s  data  bus .  The 
s t anda rd  would apply  t o  o p t i c a l  a s  we l l  a s  wire c a b l e s .  
Uses t o  da te  have been q u i t e  f a v o r a b l e  (1.e.  Y C - 1 4 ,  A-7D 
a i r c r a f t ,  D I G I T A C  11) and it  i s  expec ted  t h a t  p roduc t ion  
a p p l i c a t i o n s  i n  f l i g h t  c o n t r o l  systems could  appear i n  t h e  
n e x t  5 y e a r s .  Some of t h e  d i sadvan tages  a r e  f i r e / h e a t  
s u s c e p t i b i l i t y ,  c o s t  a s s o c i a t e d  w i t h  r e c e i v e / t r a n s m i t  
coup1 er  s , and termi na t i on/spl  i t  t i n g  1 o s  ses . 
OPTICAL/ELEC!I!RO-OPTICAL PROCESSING - O p t i c a l  and e l e c t r o -  
o p t i c a l  p r o c e s s i n g  f o r  g e n e r a l  purpose  computat ion i s  
probably t h e  l e a s t  developed of t h e  t e c h n o l o g i e s  surveyed. 
There a r e  s e v e r a l  d e v i c e s  f o r  s p e c i a l  purpose p r o c e s s i n g ,  
s u c h  as c o r r e l a t i o n s  and v e c t o r / m a t r i x  c a l c u l a t i o n s ,  f o r  
ve ry  high speed computat ions t h a t  a re  i n  l a b o r a t o r y  t e s t i n g .  
These dev ices  a r e  l i k e l y  t o  appear  f i r s t  i n  a i r c r a f t  weapon 
systems and o t h e r  a v i o n i c s  r a t h e r  t han  f l i g h t  c o n t r o l s .  
A s  ga l l ium a r s e n i d e  e l e c t r o - o p t i c s  becoms f u l l y  developed 
i n t e g r a t e d  e l e c t r o n i c  and o p t i c a l  p rocess ing  w i l l  be 
p o s s i b l e  on t h e  same chip .  Experimental  c h i p s  a r e  be ing  
tes ted  i n  l a b o r a t o r i e s  and a r e  even be ing  used i n  some f i b e r  
o p t i c  r o t a t i o n  s e n s o r s  r e s e a r c h .  These i n t e g r a t e d  o p t i c s  
c h i p s  may be u s e f u l  f o r  c e r t a i n  d i s t r i b u t e d  p rocess ing  
f u n c t i o n s  i n  f l i g h t  c o n t r o l s  such as e l e c t r i c  t o  o p t i c a l  and 
o p t i c a l  t o  e l e c t r o n i c  conve r s ions ,  sensor  pre-process ing ,  
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smart a c t u a t i o n  systems,  and some a d a p t i v e  c o n t r o l  
a lgo r i thms .  T h i s  technology w i l l  n o t  be ready f o r  u s e  i n  
advanced systems R&D f o r  a t  l e a s t  f i v e  y e a r s  and maybe t en .  
One of t h e  main fea tures  of o p t i c a l  p rocess ing  t h a t  would be 
a t t r a c t i v e  t o  f ly -by - l igh t  f l i g h t  c o n t r o l  systems would be 
t o  make  t h e  f l i g h t  c o n t r o l  computer i s o l a t e d  and immune from 
EMI/EMP. 
would be a v a i l a b l e  f o r  t h a t  purpose.  Responses t o  t h e  
survey  q u e s t i o n n a i r e  on t h i s  t o p i c  were r a t h e r  s k e p t i c a l  
about t h e  p o s s i b i l i t y  of o p t i c a l  f l i g h t  c o n t r o l  ‘computers. 
AIRFRAME INSTALLATION ISSUES - I n s u f f i c i e n t  data  c u r r e n t l y  
e x i s t s  t o  assess a l l  of t h e  p o t e n t i a l  problems b u t  some 
s p e c i a l  requi rements  exis t .  Cables, f o r  example, m u s t  be 
handled w i t h  r easonab le  c a r e  t o  avoid t e n s i o n ,  small r a d i u s  
bends and e x c e s s i v e  p r e s s u r e  from clamping dev ices .  
l o s s e s  from bulkhead connec t ions  and t h e  e f f ec t s  of 
tempera ture  extremes m u s t  be cons idered .  Experience w i t h  
p roduc t ion  a p p l i c a t i o n s  of f i b e r  o p t i c s  cables f o r  a v i o n i c s  
and weapon systems ( f o r  example on t h e  AV-8B a i r c r a f t )  has  
been e x c e l l e n t .  Cables can be produced s u f f i c i e n t l y  rugged 
as  t o  be handled i n  t h e  same manner as c o a x i a l  wire cables. 
D i scuss ions  wi th  a i r f r a m e r s  gave mixed response  a s  t o  
i n s t a l l a t i o n s  concerns.  Those who have had expe r i ence  w i t h  
f i b e r  o p t i c s  f o r  av ion ic s  .systems f el? comfor tab le  us ing  
them f o r  f l i g h t  c o n t r o l s .  Some a i r f  ramers i n d i c a t e d  t h a t  
concerns  over i n s t a l l i n g  f i b e r  o p t i c  cables i n  t h e  a i r f r a m e  
were a major i n h i b i t o r  t o  t h e i r  a p p l i c a t i o n  f o r  f l i g h t  
c r i t i c a l  c o n t r o l s .  They w i l l  f e e l  more comfor tab le  a f t e r  
g a i n i n g  o p e r a t i o n a l  experience w i t h  f i be r  o p t i c s  on non- 
cr i t i c a l  app l  ica  t i ons . 
I t  i s  n o t  c l e a r  when o r  even i f  o p t i c a l  computers 
The  
REPAIR/MAINTENANCE TECHNIQUES AND TOOLS -- Since  a d i f f e r e n t  
m e d i u m  is  involved ,  s p e c i a l  t r a i n i n g  and t o o l s  are needed. 
Some p o r t a b l e  hand-held t o o l s  a r e  becoming a v a i l a b l e .  
S t anda rd ized  p r a c t i c e s ,  t echn iques  and tests m u s t  be 
developed a long  w i t h  adequate documentation s i n c e  t h e  
successful implementation of t h i s  advanced technology 
depends upon s u i t a b l e ,  p r a c t i c a l  methods f o r  maintenance and 
r e p a i r .  As opposed t o  e l e c t r i c a l  systems,  connector  
a l ignment  is c r i t i c a l  t o  avo id  r e d u c t i o n  i n  t h e  o p t i c a l l y  
a c t i v e  a rea .  The problems are n o t  insurmountable ,  i t  i s  a 
q u e s t i o n  of recogniz ing  t h e  s p e c i a l  requi rements  and 
a d d r e s s i n g  them i n  t h e  proper time-frame. Repair and 
maintenance on o p e r a t i o n a l  systems f o r  a v i o n i c s  data  l i n k s  
h a s  been good. One company i n d i c a t e d  t h a t  i t  was no more 
d i f f e r e n t  t han  r e p a i r i n g  coax c a b l e s .  A i r f  ramers and 
o p e r a t o r s  w i l l  a l s o  f e e l  more comfor tab le  w i t h  r e p a i r  and 
maintenance a s p e c t s  of f i b e r  o p t i c s  i n  f l i g h t  c r i t i c a l  
systems a f t e r  ga in ing  n o n - c r i t i c a l  a p p l i c a t i o n  exper ience .  
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ADVANTAGES/D I SADVANTAGES 
A major advantage  i n  t h e  u s e  of o p t i c s  i n  f l i g h t  
c o n t r o l  systems i s  i n  t h e  immunity t o  E M I ,  EMP and o t h e r  
e l e c t r i c a l l y  re la ted  d i s tu rbances .  
r ad ia t e  energy and a r e  e l e c t r i c a l l y  i s o l a t e d ,  ground 
c i r c u l a t i n g  c u r r e n t s  a r e  avoided and concerns  w i t h  f a u l t  
propagation/inter-channel data c o r r u p t i o n  a re  e l imina ted .  
These b e n e f i t s  are s i g n i f i c a n t  c o n s i d e r i n g  t h e  t r e n d  i n  more 
complex, dense ly  packaged des igns  and t h e  requirement f o r  a 
h igh  l e v e l  of i n t e g r i t y  f o r  f l i g h t  c r i t i c a l  informat ion .  
C u r r e n t l y ,  FBW systems a r e  p r o t e c t e d  from EM1 through 
s h i e l d i n g  of t h e  e l e c t r o n i c  boxes and wire cables. 
S u b s t a n t i a l  s h i e l d i n g  comes from t h e  meta l l ic  a i r f r a m e s .  
The u s e  of f i b e r - o p t i c  c a b l i n g  p r o v i d e s  sav ings  i n  weight  
and volume which are  important  i n  a i r c r a f t  des igns  
p a r t i c u l a r l y  i n  h e l i c o p t e r s .  The h i g h e r  data  ra tes  a f f o r d e d  
by f i b e r  o p t i c s  w i l l  enhance t h e  system c a p a b i l i t i e s  and 
d e s i g n  o p t i o n s ,  p a r t i c u l a r l y  i n  t h e  area of h i g h l y  
redundant ,  f a u l t - t o l e r a n t  a rch i tec tures .  Inc reased  u s e  of 
composi te  materials i n  a i r f r a m e s  would a l s o  mot iva t e  u s e  of 
f i b e r  o p t i c s  because of t h e  l o s s  of s h i e l d i n g  now provided 
by t h e  m e t a l l i c  sk in .  Many t e c h n o l o g i s t s  b e l i e v e  t h a t  most 
of t h e  EMI/EMP immunity b e n e f i t  w i l l  be achieved  by us ing  
f ibe r  o p t i c  cables and i t  w i l l  be adequate t o  u s e  s h i e l d e d  
e l e c t r o n i c  computer and i n t e r f a c e  elements. 
S ince  o p t i c s  do n o t  
The d i sadvan tages  of us ing  o p t i c s  a r e  p a r t i a l l y  
temporal and w i l l  be  minimized as t h e  technology matures and 
expe r i ence  i s  gained.  For example, t h e  c u r r e n t  h igh  c o s t  
w i l l  be reduced a s  more elements  a r e  produced i n  q u a n t i t i e s  
and f a b r i c a t i o n  techniques  improve. 
f o r  r e p a i r  and maintenance i s  temporal and t h e  s p e c i a l  t o o l s  
w i l l  become commonplace. Because of t h e  low t e n s i l e  
s t r e n g t h ,  care m u s t  be e x e r c i s e d  i n  hand l ing  f i b e r  cables t o  
avoid  small bending r a d i i  b u t  a g a i n  t h i s  i s  a l e a r n i n g  
exper ience .  Cables  can be ruggedized f o r  easier handl ing  
and i n s t a l l a t i o n .  F i b e r  t r ansmiss ion  and coup l ing  l o s s e s  
are  a c u r r e n t  c o n s i d e r a t i o n  b u t  a s  t h e  o p e r a t i n g  wavelengths  
i n c r e a s e  and t h e  technology matures, t h e  l o s s e s  w i l l  be 
reduced. I t  should be noted t h a t  o p t i c a l  systems c o n t a i n  
o p t i c a l  t o  e l e c t r i c a l  and e l e c t r i c a l  t o  o p t i c a l  c o n v e r t e r s  
which a r e  themselves  s u s c e p t i b l e  t o  EMI.  To p r o t e c t  t h e  
c o n v e r t e r s  would add weight and c o s t  t o  t h e  system. 
The t r a i n i n g  r e q u i r e d  
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Over t h e  p a s t  e i g h t  y e a r s  s e v e r a l  programs have used 
o p t i c a l  e lements  i n  t h e  development of advanced f l i g h t  
c o n t r o l  syst,ems. Some of these a c t i v i t i e s  a r e  ‘discussed 
b r i e f l y  below. 
YC-14 - The USAF Y C - 1 4  pro to type  STOL a i r c r a f t ,  f i r s t  f l i g h t  
t es ted  i n  1976 ,  s u c c e s s f u l l y  implemented o p t i c a l  d a t a  l i n k s  
t o  exchange data  between t h e  t r i p l e x  computers. 
coup l ing  was selected t o  main ta in  in t e r - channe l  i n t e g r i t y .  
F i g u r e  3 d e p i c t s  t h e  sensor  data  c o n s o l i d a t i o n  p rocess  and 
a s s o c i a t e d  o p t i c a l  l i n k  designed by Marconi. 
O p t i c a l  
Computing I I t 1 
. .  I I 
F i g u r e  3 YC-14 OPTICAL DATA LINK 
Each sensor  ou tpu t  i s  coupled t o  t h e  o t h e r  channels  so  
t h a t  each computer h a s  d a t a  from each of t h e  s e n s o r s .  
I d e n t i c a l  a lgo r i thms  i n  each computer c o n s o l i d a t e  t h e  d a t a  
e n a b l i n g  e q u a l i z a t i o n  and fault d e t e c t i o n / i s o l a t i o n  of t h e  
i n p u t s .  The computers a r e  synchronized t o  avoid  sampling 
time d i f f e r e n c e s  and t o  a s s u r e  a l l  computers a r e  r e c e i v i n g  
i d e n t i c a l  data  i n p u t s .  
The o p t i c a l  communication medium was used t o  e l i m i n a t e  
e l ec t romagne t i c  i n t e r f e r e n c e  e f f e c t s ,  e l e c t r i c a l  grounding 
loop problems, and t h e  p o t e n t i a l  p ropaga t ion  of e l e c t r i c a l  
ma l func t ions  between channels .  
1 2  
JAGUAR DFBW -- The Jaguar  program, i n i t i a t e d  i n  1977 under 
t h e  t e c h n i c a l  sponsorsh ip  of t h e  Royal A i r c r a f t  
Es tab l i shment  and under c o n t r a c t  t o  B r i t i s h  Aerospace, was 
t h e  f i r s t  pure d i g i t a l  fly-by-wire wi th  no d i s s imi l a r  back- 
up. Marconi f u r n i s h e d  t h e  f l i g h t  c o n t r o l  system and 
inc luded  a n  o p t i c a l l y  coupled d a t a  t r a n s m i s s i o n  l i n k  ( F i g u r e  
4 )  similar  t o  t h a t  of t h e i r  YC-14 d e s i g n  noted  above. Based 
on these expe r i ences ,  as w e l l  a s  t h e i r  d i g i t a l  f l y - b y - l i g h t  
des ign  f o r  t h e  A i r s h i p  I n d u s t r y ' s  Skyship  600 mentioned 
below, Marconi w i l l  l i k e l y  i n s t a l l  a n  i n t e r c h a n n e l  l i n k  o r  
p o s s i b l y  a complete f i b e r  o p t i c  data b u s  on t h e  A g i l e  Combat 
A i r c r a f t  technology demonstrator  under t h e  United Kingdom's 
Experimental  A i rc ra f t  Program. Th i s  program, i n  t u r n ,  i s  
geared  toward t h e  F u t u r e  European F i g h t e r  A i r c r a f t  
development which is  a j o i n t  development program invo lv ing  
t h e  United Kingdom, France,  West Germany, I t a l y ,  and Spain  
f o r  a common European f i g h t e r  f o r  t h e  1990s.  
DIGITAC I1 - The D I G I T A C  I1 f l i g h t  c o n t r o l  system c u r r e n t l y  
i n s t a l l e d  i n  t h e  D I G I T A C  YA-7D t e s t  a i r c r a f t  a t  Edwards AFB, 
C a l i f o r n i a  uses MIL-STD-1553A data b u s s e s  t o  t r a n s f e r  f l i g h t  
c o n t r o l  data.  I t  i s  t h e  only known " f u l l y  up" t h r e e  a x i s  
system t h a t  t r a n s m i t s  a l l  a i r c r a f t  f l i g h t  c r i t i c a l  c o n t r o l  
data between computers and between computers and remote 
t e r m i n a l s .  The system performance and r e l i a b i l i t y  has  f a r  
exceeded e x p e c t a t i o n s .  Based on t h e  t r o u b l e  f r e e  r e s u l t s ,  
it a p p e a r s  t h a t  t e c h n i c a l l y  t h i s  approach is ready f o r  
c o n s i d e r a t i o n  f o r  use i n  product ion  a i r c r a f t .  
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The data  busses  a r e  dua l  channel  wire and d u a l  channel  
f i b e r  o p t i c  ( " f l y - b y - l i g h t " )  and a re  se lec tab le  i n  t h e  
c o c k p i t  by t h e  p i l o t  t o  "fly-by-wire" o r  " f ly -by- l igh t "  o r  
a l t e r n a t i v e l y  t o  implement one wire channel  and one f i b e r  
o p t i c  channel.  The " f l y - b y - l i g h t "  system has  flown 290 
f l i g h t s  over a p e r i o d  of 3 y e a r s .  
f l a w l e s s l y  with v i r t u a l l y  no maintenance.  The "fly-by- 
l i g h t "  s y s t e m  h a s  achieved  such a r e l i a b l e  s t a t u s  t h a t  i t  i s  
now used e x c l u s i v e l y  t o  f l y  t h e  a i r c r a f t  i n  a l l  r o u t i n e  t e s t  
mis s ions .  Experience ga ined  w i t h  t h i s  system shows t h e  
s i n g l e  f i b e r  channel  t o  be t o t a l l y  t r o u b l e  f r e e .  The 
channel  w i t h  t h e  m u l t i f i b e r  ( 2 1 0  f i b e r s )  c a b l e s  h a s  s u f f e r e d  
numerous f i b e r  breakage problems due t o  normal a i r c r a f t  
maintenance handl ing .  The m u l t i f i b e r  cable approach h a s  
been rep laced  by s i n g l e  f i b e r  c a b l e s  having  improved 
t r a n s m i s s i o n  q u a l i t i e s  and tough p r o t e c t i v e  s h i e l d s  t h a t  
o f f e r  c o n s i d e r a b l e  o v e r a l l  improvements. 






Y O M R  LVDT 
LODT TESTS - 
t a 
1) A p r o t o t y p e  MIL-T-85289 Linear  O p t i c a l  Displacement 
Transducer (LODT) , developed by Hamilton S tanda rd  under a 
Naval Avionics Center  c o n t r a c t ,  was s u c c e s s f u l l y  f l i g h t  
t e s t e d  by Rockwell I n t e r n a t i o n a l  ( R I )  i n  a Navy T-2C 
"Buckeye" t r a i n e r  a i r c r a f t  (Reference  6 ) .  R I  had developed 
a n  advanced f l i g h t  c o n t r o l  a c t u a t i o n  system f o r  t h e  Navy and 
conducted s e v e r a l  f l i g h t  t e s t  p r o j e c t s  i n  t h e  T-2Cf one of 
w h i c h  focused on t h e  LODT. 
Cons i s t ing  of d i sp lacement  t r a n s d u c e r ,  f i b e r  o p t i c  l i n k  
and  computer i n t e r f a c e  u n i t ,  t h e  LODT was implemented as  a 
rudder  p o s i t i o n  feed-back senso r  w i t h  e r r o r  command and 
p o s i t i o n  s i g n a l s  t r a n s m i t t e d  by o p t i c a l  f i b e r s .  A fly-by- 
wire system had o r i g i n a l l y  been i n c o r p o r a t e d  i n  t h e  t e s t  
a i r c r a f t  and was modi f ied  t o  accommodate t h e  LODT. A 
s i m p l i f i e d  diagram of t h e  major components is shown i n  
F i g u r e  5 wi th  shaded a r e a s  deno t ing  t h e  changes f o r  t h e  
d i g i t a l  f l y -by - l igh t  (DFBL) system. 
LVDT FEEDBACK 
I I 
M FIBER OPTIC CABLES I 
Figure 5 S I W L I F I E D  DFBL SYSTEM FOR T-2C TESTS 




















ORIGINAL PAZE C3 
OF POOR QUALITY 
I n  t h e  f l i g h t  t e s t s ,  two system o p e r a t i o n a l  modes were 
provided  as  d e p i c t e d  i n  F igure  6 - t h e  d i g i t a l  f l y -by - l igh t  
(DFBL) and t h e  ana log  back-up ( A B U ) .  I n  t h e  DFBL mode, t h e  
LODT rudder p o s i t i o n  feed-back s i g n a l  is  summed wi th  t h e  
p e d a l  f o r c e  command s i g n a l  t o  produce an  e r r o r  command. 
T h i s  s i g n a l  is o p t i c a l l y  t r a n s m i t t e d  t o  t h e  e l e c t r o n i c  d r i v e  
u n i t  ( E D U ) ,  r e s t o r e d  t o  an e l e c t r i c a l  s i g n a l ,  a m p l i f i e d  and 
power conver ted  f o r  ene rg iz ing  t h e  to rque  motor c o i l s .  I n  
t h e  ABU mode, a l i n e a r  v a r i a b l e  d isp lacement  t r a n s d u c e r  
(LVDT) p r o v i d e s  t h e  rudder feed-back p o s i t i o n  s i g n a l  which, 
w i t h  t h e  peda l  f o r c e  command, by-passes t h e  microcomputer 
and connec t s  d i r e c t l y  w i t h  t h e  EDU. 
s e l e c t e d  manually and i s  a u t o m a t i c a l l y  engaged when t h e  
microcomputer s e n s e s  abnormal DFBL system o p e r a t i o n .  
P r i o r  t o  t h e  f l i g h t  t e s t  o p e r a t i o n s ,  l a b o r a t o r y  tests 
were conducted on t h e  i n t e g r a t e d  system t o  v e r i f y  
performance. A c t u a l  f l i g h t  hardware was used e x t e n s i v e l y ,  
excep t  where i m p r a c t i c a l  such as t h e  h y d r a u l i c s ,  n o t  on ly  t o  
e x e r c i s e  t h e  f l i g h t  a r t i c l e s  b u t  t o  e l i m i n a t e  p o t e n t i a l  
problems. The tests were a b l e  t o  v e r i f y  t h e  LODT 
performance by comparing it w i t h  t h e  conven t iona l  LVDT d a t a .  
The r e su l t s  were n e a r l y  i d e n t i c a l .  
The A B U  mode may be 
A t o t a l  of 3.6 f l i g h t  t e s t  e v a l u a t i o n  hour s  were 
a t t a i n e d  i n  t h r e e  f l i g h t s  dur ing  which a l l  planned 
o b j e c t i v e s  and d a t a  a c q u i s i t i o n s  were r e a l i z e d  wi thou t  
Figure 6 T-2C PLXGET TEST OPEFUTIONAL MODES 
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malfunct ions .  F l i g h t s  were conducted a t  a l t i t u d e s  from 
1 0 , 0 0 0  t o  3 0 , 0 0 0  f t . ,  a t  v a r i o u s  speeds  ( 1 5 0  - 3 4 0  Knots) 
and maneuvers. Both t h e  DFBL and A B U  modes were flown under 
each  f l i g h t  c o n d i t i o n  and f o r  d i r e c t  comparison of t h e  two 
t r a n s d u c e r s ,  t h e  microcomputer conve r t ed  t h e  LODT d i g i t a l  
o u t p u t  t o  a n  e q u i v a l e n t  ana log  s i g n a l  f o r  t h e  data  r e c o r d i n g  
in s t rumen ta t ion .  E x c e l l e n t  c o r r e l a t i o n  of LODT and LVDT 
o u t p u t s  was achieved  i n d i c a t i n g  t h a t  t h e  LODT i s  a v i a b l e  
approach. 
2)  B e l l  He l i cop te r  Textron under c o n t r a c t  t o  t h e  Naval 
A i r  Development Cen te r ,  conducted f l i g h t  e v a l u a t i o n s  of a 4- 
v a l v e  fly-by-wire/fly-by-optics a c t u a t i o n  system us ing  a 
model 249 Cobra h e l i c o p t e r .  The c o l l e c t i v e  c o n t r o l  system 
was s p e c i a l l y  conf igu red  t o  accommodate t h e  4-valve system 
us ing  quadruplex e l e c t r i c a l  and simplex o p t i c a l  c o n t r o l  
l i n k s .  A mechanical back-up mode was provided  and r e v e r s i o n  
could  be i n i t i a t e d  by e i t h e r  p i l o t  o r  a u t o m a t i c a l l y  under 
c e r t a i n  " f a i l ed"  c o n d i t i o n s .  FBW was i n  t h e  normal mode of 
o p e r a t i o n  s i n c e  p a r t s  of t h e  FBO mode were s i n g l e  s t r i n g  
and, t hus ,  dur ing  t h e  t e s t s  t h e  FBO mode was on ly  flown 
a f t e r  a t t a i n i n g  a l t i t u d e .  
A s i m p l i f i e d  f u n c t i o n a l  block diagram of t h e  c o l l e c t i v e  
c o n t r o l  system i s  shown i n  F i g u r e  7 (Reference  7 ) .  I n  t h e  
FBW ,mode, t h e  c o n t r o l s  a r e  quadruplex redundant  e l ec t r i ca l .  
The f o u r  LVDT t r a n s d u c e r s  on t h e  f r o n t  sea t  c o l l e c t i v e  l e v e r  
a r e  l i n k e d  t o  t h e  a c t u a t o r  s e rvo  v a l v e s  through t h e  mode 
s e l e c t o r  and e l e c t r o n i c  c o n t r o l  u n i t  (ECU) and p o s i t i o n  





















feedback is provided by t h e  f o u r  LODTs t o  e f f e c t  a c l o s e d  
loop .  I n  t h e  FBO mode, a s i n g l e  LODT p rov ides  p a r a l l e l  
o p t i c a l  s i g n a l s  t o  t h e  computer i n t e r f a c e  u n i t  f o r  
conve r s ion  t o  a s e r i a l i z e d  d i g i t a l  g rey  code which  i n  t u r n  
i s  conve r t ed  t o  an  ana log  s i g n a l  i n  t h e  d i g i t a l / a n a l o g  
c o n v e r t e r .  The s i g n a l  i s  summed wi th  t h e  a c t u a t o r  feedback 
LODT ana log  s i g n a l  and t h e  r e s u l t a n t  s i g n a l  a p p l i e d  t o  f o u r  
c o n t r o l  i n p u t s  of t h e  ECU. 
The t es t s  s u c c e s s f u l l y  demonstrated t h e  o p t i c a l  
t echnology concept .  
resul ts  is  c u r r e n t l y  i n  process .  (Reference  8 )  
A r e p o r t  d e t a i l i n g  t h i s  a c t i v i t y  and 
SKS-600 - Marconi Avionics  h a s  des igned  and f a b r i c a t e d  an 
o p t i c a l l y  s i g n a l l e d  f l i g h t  c o n t r o l  system f o r  A i r s h i p  
I n d u s t r i e s  Skyship 600 a i r s h i p .  The f l i g h t  c o n t r o l  system, 
i l l u s t r a t e d  i n  F i g u r e  8 ,  c o n t r o l s  t h e  fou r  t a i l  surfaces 
and i n c l u d e s  a h igh  l e v e l  of s e l f -mon i to r ing .  Dup l i ca t e  
systems w i l l  be empLoyed with p i l o t  changeover i n  t h e  even t  
of a f a i l u r e .  High i n h e r e n t  immunity t o  e l e c t r o m a g n e t i c  
i n t e r f e r e n c e  i s  achieved  by a 1553 o p t i c a l  data  b u s  between 
t h e  f l i g h t  c o n t r o l  computer (FCC)  and t h e  a c t u a t o r  d r i v e  
MONITOR PILOTS Q, 
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u n i t  (ADU) and by p rov id ing  l o c a l  ded ica t ed  e l e c t r i c a l  power 
a t  t h e  ADU from a h y d r a u l i c a l l y  d r i v e n  e l e c t r i c  g e n e r a t o r .  
The ADU was made " i n t e l l i g e n t "  by i n c l u d i n g  a microprocessor  
f o r  l o c a l l y  handl ing  f a i l u r e  d e t e c t i o n  and i s o l a t i o n .  The 
FCC, l o c a t e d  i n  t h e  gondola ,  mon i to r s  t h e  " h e a l t h "  and 
s t a t u s  of t h e  a c t u a t i o n  system and can be extended t o  
p rov ide  a u t o p i l o t  modes by i n t e r f a c i n g  t h e  a p p r o p r i a t e  
s e n s o r s .  
ADOCS - The U S  Army Applied Technology Labora to ry ,  F t .  
E u s t i s ,  V i r g i n i a  is sponsor ing  a n  advanced d i g i t a l / o p t i c a l  
c o n t r o l  system (ADOCS) program which i s  scheduled t o  s t a r t  
f l i g h t  demonst ra t ion  t e s t s  i n  e a r l y  1985 us ing  a UH-60A 
B l a c k  Hawk. The goal  is t o  provide  a redundant  
d i g i t a l / o p t i c a l  c o n t r o l  system demonst ra t ing  t h e  f e a s i b i l i t y  
of h e l i c o p t e r  c o n t r o l  s o l e l y  by o p t i c a l  s i g n a l  p a t h s  and t o  
g e n e r a t e  s u p p o r t i n g  d a t a  f o r  f u t u r e  p roduc t ion  systems.  The 
f l y - b y - l i g h t  des ign  p rov ides  a medium t o  enhance 
s u r v i v a b i l i t y  of a i r c r a f t  under b a t t l e f i e l d  environments  
and, t h u s ,  improve mis s ion  c a p a b i l i t y .  I n  a d d i t i o n ,  t h e  use 
of p a s s i v e  o p t i c a l  systems impervious t o  e l e c t r i c a l  
i n t e r f e r e n c e  could  nega te  t h e  requi rement  f o r  back-up 
c o n t r o l s  w i th  a t t e n d a n t  s a v i n g s  i n  we igh t / cos t  and i n c r e a s e  
i n  systems r e l i a b i l i t y .  The basic a r c h i t e c t u r e ,  shown i n  
F i g u r e  9,  uses s e p a r a t e  pr imary and au tomat i c  f l i g h t  c o n t r o l  
systems;  t h e  former r e p l a c i n g  t h e  normal mechanical c o n t r o l  
l i n k a g e s  and t h e  l a t t e r  p rov id ing  improvements i n  hand l ing  
q u a l i t i e s  and p i l o t  workload ( s t a b i l i t y / c o n t r o l  augmentat ion 
and au tomat ic  mode s e l e c t i o n ) .  P i l o t  i n p u t s  from t h e  f o u r -  
a x i s  sidearm c o n t r o l l e r  a r e  s e n t  o p t i c a l l y  through t h e  
primary f l i g h t  c o n t r o l  s ide  of t h e  d i g i t a l  f l i g h t  c o n t r o l  
processor  t o  t h ree  r o t o r  and one t a i l  d i r e c t i o n a l  c o n t r o l  
a c t u a t o r s .  The system c o n t a i n s  t h r e e  f l i g h t  c o n t r o l  
p rocesso r s  (FCP) I each of which c a n  c o n t r o l  a l l  system 
f u n c t i o n s  and they are  p h y s i c a l l y  d i s p e r s e d  i n  t h e  a i r f r a m e  
f o r  added s a f e t y  from b a l l i s t i c  damage. 
During t h e  scheduled  f l i g h t  demonst ra t ion  tes ts ,  t h e  
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Response t o  Opt ics  Technology Q u e s t i o n n a i r e  
A s  p a r t  of t h e  survey, a q u e s t i o n n a i r e  was forwarded t o  
prominent i n d i v i d u a l s  experienced i n  t h e  f i e l d  t o  s o l i c i t  
t h e i r  thoughts  and op in ions  on t h e  s t a t e  of o p t i c s  
technology f o r  a p p l i c a t i o n  t o  f l i g h t  con t ro l '  systems. 
q u e s t i o n n a i r e  requested t h a t  t h e  fo l lowing  i tems be 
addressed:  
The 
- Transducers  
- Sensor s  
- Conductors 
- Data B u s e s  
- Opt ica l /E lec t ro -op t i ca l  P rocess ing  
- Airframe I n s t a l l a t i o n  Issues 
- Repair/Maintenance Techniques and Tools 
- Overa l l  Assessment  of A p p l i c a t i o n  S t a t u s  
A s  expected,  t h e  responses  covered a wide spectrum of 
o p i n i o n s  from "technology ready" t o  p e s s i m i s t i c  o u t l o o k s  on 
i t s  implementation. For  completeness,  t h e  i n d i v i d u a l  
r e sponses  a r e  inc luded ,  with on ly  minor e d i t i n g  t o  exc lude  
t h o s e  n o t  addres s ing  f l i g h t  c o n t r o l  a p p l i c a t i o n s  f o r  
example. Depending upon t h e i r  pe r sona l  exper ience ,  n o t  a l l  
i tems were addressed  by each respondee. 
r e p r e s e n t  t h e  though t s  and o p i n i o n s  of t h e  i n d i v i d u a l s  and 
i n  no way a re  t o  be cons t rued  a s  r e f l e c t i n g  a company 
" p o s i t i o n "  o r  ou t look .  
a t t r i b u t i o n  of p a r t i c u l a r  o p i n i o n s  t o  s p e c i f i c  companies, no 
names a re  a s s o c i a t e d  w i t h  t h e  responses .  
The r e sponses  
To a s s u r e  anonymity and i n a d v e r t e n t  
TRANSDUCERS AND SENSORS 
o No knowledge about  s p e c i f i c  f i b e r  o p t i c  t r a n s d u c e r s .  
High tempera ture  o p e r a t i o n  would probably be a problem 
such  a s  convers ion  from t h e  t r a n s d u c e r  ou tpu t  t o  a d r i v e  
f o r  an LED or laser  a p p l i c a t i o n .  
o Most vendors  of r o t a r y  p o s i t i o n  o r  speed s e n s o r s  o f f e r  an 
o p t i c a l  device.  The o p t i c s  a r e  used  f o r  t h e  d e t e c t i o n ,  
and t h e  i n t e r f a c e  t o  t he  c o n t r o l  is  by hard-wire v o l t a g e  
s i g n a l s .  Not aware of any o p t i c a l  r o t a r y  d e t e c t o r s  t h a t  
a re  a v a i l a b l e  which meet m i l i t a r y  s p e c i f i c a t i o n s .  



















I 2 4  
o High r ad iance  LEDs and h igh  r e s p o n s i v i t y  s i l i c o n  PIN 
d iodes  ( 8 2 0  nm) a re  a v a i l a b l e  from s e v e r a l  sou rces .  
o Have n o t  i d e n t i f i e d  any p o t e n t i a l l y  mature f i b e r  o p t i c  
t r a n s d u c e r s  s u i t a b l e  f o r  f l i g h t  c o n t r o l  a p p l i c a t i o n s .  
There is p o t e n t i a l ,  but s t i l l  f i n d  e x i s t i n g  c a n d i d a t e s  
d e f i c i e n t  when compared w i t h  redundant  t r ans fo rmer  type  
d e v i c e s  . 
o Have a d e f i n i t e  i n t e r e s t  i n  t h e  development of a 
redundant  f i b e r  o p t i c  angle-of-at tack sensor .  T h e s e  
d e v i c e s  a r e  v u l n e r a b l e  t o  d i r e c t  l i g h t n i n g  s t r i k e  e f f e c t s  
due t o  l i g h t n i n g  a t t a c h i n g  t o  t h e  grounded probe. 
A p r o t o t y p e  f i b e r  o p t i c  r o t a r y  senso r  was b u i l t  under an 
IRAD program i n  1976. 
d i d  n o t  l e n d  i t s e l f  t o  a compact redundant  assembly. 
The approaches r e c e n t l y  r e p o r t e d  i n  t h e  l i t e r a t u r e  could 
l e a d  t o  t h e  development of a p r a c t i c a l  sensor .  
The approach used f o r  t h a t  s tudy  
o F l i g h t  worthy o p t i c a l  p o s i t i o n  t r a n s d u c e r s  having e x c e l l e n t  
accuracy  and r e s o l u t i o n  are  p r e s e n t l y  be ing  des igned  f o r  
t h e  Army's ADOCS program. 
o Because of t h e  extreme s e n s i t i v i t y  of a f i b e r  o p t i c  
angu la r  r a t e  s e n s o r ,  i ts s i m p l i c i t y ,  and p r o j e c t e d  low 
manufactur ing c o s t  a s  opposed t o  a r i n g  l a s e r  gyro ,  f i b e r  
o p t i c  r a t e  gy ros  w i l l  probably r e p l a c e  t h e  r i n g  l a se r  
gyro i n  f i v e  t o  t e n  y e a r s  when they  become a v a i l a b l e  o f f -  
t h e - s h e l f .  F ibe r  o p t i c s  a c c e l e r a t i o n  and v e l o c i t y  
s e n s o r s  a re  p r e s e n t l y  under development b u t  p robably  
won' t  be a v a i l a b l e  f o r  ano the r  f o u r  t o  s i x  y e a r s .  
o A l i n e a r  o p t i c a l  displacement  t r a n s d u c e r  developed f o r  
t h e  Navy was s u c c e s s f u l l y  f l i g h t  t e s t e d  i n  t h e  
d i r e c t i o n a l  c o n t r o l  l oop  of a Navy T-2C a i r p l a n e .  The 
p o s i t i o n  feedback s i g n a l s  were t r a n s m i t t e d  v i a  o p t i c a l  
f i b e r s .  
o The implementat ion of o p t i c a l  f l i g h t  c o n t r o l  systems w i l l  
be paced by t h e  development of r e l i a b l e ,  small  s i z e  
(comparable t o  e l e c t r i c a l  c o u n t e r p a r t s )  o p t i c a l  s enso r s .  
O p t i c a l  s enso r  technology i s  i n  i t s  in fancy ,  r e q u i r i n g  
s u b s t a n t i a l  remote e l e c t r o n i c s  t o  i n t e r r o g a t e  t h e  sensor  
and i n t e r f a c e  i t  wi th  a computer. O p t i c a l  f l i g h t  c o n t r o l  
development programs a r e  p r e s e n t l y  us ing  o p t i c a l  s e n s o r s  
b u i l t  by s e v e r a l  manufacturers .  
o The choice between LEDs  and laser  d i o d e s  a p p e a r s  t o  
remain unreso lved .  A h i g h - i n t e n s i t y ,  s t a b l e  l i g h t  
s o u r c e r  capab le  of o p e r a t i o n  between -5OOC and 
15OoC,  i s  r e q u i r e d  f o r  f u t u r e  a i r c r a f t  eng ine  o p t i c a l  
systems. The dev ice  m u s t  consume r e l a t i v e l y  l i t t l e  
power, requi re  m i n i m a l  c o o l i n g ,  and o p e r a t e  f o r  a t  l e a s t  
1 0 , 0 0 0  hours .  W e  a r e  n o t  aware of a l a s e r  d iode  w i t h  
t h i s  l i f e  d a p a b i l i t y .  W e  have h e a r d  of a few f o r  wh ich  
long  l i f e  i s  claimed, b u t  w e  have n o t  e v a l u a t e d  them. A t  
t h e  p r e s e n t  t i m e ,  development of a 1- t o  2-amp o p t i c a l  
power swi t ch  f o r  use w i t h  a d i r e c t - d r i v e  h y d r a u l i c  
a c t u a t o r  i s  be ing  sponsored by NASA. 
o The c u r r e n t  s t a t e  of t h e  a r t  of o p t i c a l  s e n s o r s ,  as  
r ep resen ted  by t h e  s t a t u s  of t h e  Army's ADOCS program, i s  
n o t  y e t  compe t i t i ve  w i t h  e l e c t r i c a l  s e n s o r s .  They tend  
t o  be l a r g e ,  heavy, and expens ive .  Primary needs  a r e  f o r  
p o s i t i o n ,  p roximi ty ,  speed,  tempera ture ,  and  p r e s s u r e  
sensors .  P o s i t i o n  and speed  s e n s i n g  technology i s  i n  
hand b u t  r e q u i r e s  f u r t h e r  development t o  become 
compe t i t i ve  w i t h  e l e c t r i c a l  d e v i c e s .  An o p t i c a l  
proximity senso r  f o r  measuring r o t o r  blade-to-case 
c l e a r a n c e  i n  t e s t -bed  eng ines  h a s  been developed under a 
NASA c o n t r a c t  and t h e  e x t e n s i o n  of t h i s  technology t o  
engine c o n t r o l  system a p p l i c a t i o n s  i s  be ing  exp lo red .  
Companies a r e  i n v e s t i g a t i n g  t h e  a p p l i c a t i o n  of f i b e r  
o p t i c s  t o  a range of s ens ing  a p p l i c a t i o n s ,  i n c l u d i n g  
tempera ture ,  p r e s s u r e ,  s t r a i n ,  a c c e l e r a t i o n ,  e t c .  The 
r e s u l t s  i n  t h e  a r e a  of t empera tu re  s e n s i n g  a r e  
encouraging. The ra re  earth-doped f i b e r  and s e l f  
l u m i n o u s  black body s e n s i n g  t e c h n i q u e s  appear  promising 
f o r  f u t u r e  engine  c o n t r o l  system a p p l i c a t i o n s .  The 
a p p l i c a t i o n  of o p t i c  technology f o r  p r e s s u r e  s e n s i n g  i s  
n o t  c u r r e n t l y  encouraging.  
o M i l i t a r y  f l i g h t  c o n t r o l  type  d e v i c e s  a r e  n o t  a v a i l a b l e .  
Fu tu re  a v a i l a b i l i t y  w i l l  depend on t h e  demand which 
probably w i l l  on ly  come as a r e s u l t  of Government funded 
programs. 
o Ea r ly  l a b o r a t o r y  experiments/developments are  now t a k i n g  
p l ace .  F e a s i b i l i t y  a p p e a r s  t o  have been demonstrated.  
P r a c t i c a l i t y  is s t i l l  an i s s u e ,  b u t  looks promising.  
Product ion  a p p l i c a t i o n  appea r s  t o  be 10-15  y e a r s  away. 
o A l a r g e  amount of development e f f o r t  i s  be ing  expended i n  
t h e  sensor a r e a  b u t  r e q u i r e s  much more e f f o r t  b e f o r e  
r e l i a b l e  f i b e r  o p t i c  s e n s o r s  a re  a v a i l a b l e  f o r  f l i g h t  
c o n t r o l  a p p l i c a t i o n s .  The Army's ADOCS program w i l l  
g ene ra t e  t h e  required r e l i a b i l i t y  t e s t  d a t a  of t hese  
senso r s  i n  t h e  environment.  
o O p t i c a l  t r a n s d u c e r s  have been  around f o r  y e a r s ,  a r e  w e l l  
developed and understood.  They a r e  s imple ,  r e l i a b l e  and 










o The senso r / t r ansduce r  work r e p o r t e d  t o  da te  h a s  been 
f a i r l y  p r i m i t i v e ,  w i th  an  o p t i c a l  pick-off f e a t u r e d .  
Typica l  d e v i c e s  inc lude  an  open l o o p  (non-rebalanced) 
pendulous acce lerometer  w i t h  pendulum motion (and ,  
t h e r e f o r e )  a c c e l e r a t i o n  is measured a s  a n  o p t i c a l  
coupl ing  v a r i a t i o n  between f i b e r s .  O t h e r  s e n s o r  
concep t s  a re  based on f i b e r  bending ( s t r e s s ) ,  and moving 
g r a t i n g .  The u l t i m a t e  o p t i c a l  s enso r  f a m i l y  is based 
upon t h e  Sagnac i n t e r f e r o m e t e r  p r i n c i p l e  which breaks 
down i n t o  r i n g  laser  gyros,  p a s s i v e  tuned  c a v i t i e s ,  and 
m u l t i t u r n  p a s s i v e  i n t e r f e r o m e t e r s .  
o One company's IR&D program is  l e a d i n g  t o  t h e  development, 
des ign  and p roduc t  i n t r o d u c t i o n  of a f i b e r  o p t i c  
gyroscope f o r  u s e  i n  strapdown i n e r t i a l  r e f e r e n c e  systems 
i n  t h e  l a t t e r  p a r t  of t h e  1980's. The mot iva t ion  f o r  
deve loping  such a product  i s  twofold: 
( a )  T h i s  t y p e  of "So l id  S t a t e "  o p t i c a l  s enso r  is 
f r ee  from t h e  c l a s s i c a l  e r r o r s  i n t roduced  i n  
t r a d i t i o n a l  sp inning  wheel gyros  from t h e  
f u n c t i o n i n g  angular  r a t e  and a c c e l e r a t i o n  
opera  ti ona l  environments . 
(b)  A p o t e n t i a l  e x i s t s  f o r  s i g n i f i c a n t  s enso r  c o s t  
s av ings  when t h e  f i b e r  o p t i c  gy ro  i n c l u d e s  new 
t e c h n o l o g i e s  such a s  low l a b o r  c o n t e n t  
i n t e g r a t e d  o p t i c s  dev ices .  
The p a r t i c u l a r  d e s i g n  approach employs a m u l t i - t u r n  
s i n g l e  mode f i b e r  o p t i c  gyro  r i n g  wi th  a s o l i d  s t a t e  
laser  d iode  s o u r c e  f eed ing  t h e  r i n g  through f i b e r  and 
i n t e g r a t e d  o p t i c s  beam s p l i t t e r s ,  p o l a r i z e r s ,  depolar -  
i z e r s  and phase modulators.  
is  g e n e r a l l y  d e f i n e d  a s  a p a s s i v e  Sagnac i n t e r f e r o m e t r i c  
gyro.  The p r o p r i e t a r y  approach t o  t h i s  concept  i s  t o  
s c a n  t h e  phase modulator a t  a h igh  r a t e  through t h e  
dynamic range of t h e  sensor  and w i t h  modern s i g n a l  pro- 
c e s s i n g  c o n c e p t s  t o  ca l ibra te  t h e  senso r  a t  a f requency 
exceeding t h e  Nyquist  r a t e  a s  e s t a b l i s h e d  by t h e  s enso r  
performance measurement regime. 
implemented i n  v a r i o u s  breadboard c o n s t r u c t i o n s  i n  t h e  l a b  
wi th  t h e  s i g n a l  process ing  embodied i n  a b i t  s l i ce  pro- 
c e s s o r  w i t h  p a r a l l e l  a r c h i t e c t u r e .  I t  i s  f e l t  t h a t  t h e  
p rocess ing  problem w i l l  be so lved  us ing  V L S I  and/or V L S I C  
technology when a product d e s i g n  i s  made. A bras sboa rd  
senso r  i s  be ing  designed and w i l l  be b u i l t .  O f  n e c e s s i t y  
it w i l l  i n c o r p o r a t e  a m i x t u r e  of f i b e r  and i n t e g r a t e d  
o p t i c s  d e v i c e s  ahead  of t h e  f i b e r  r i n g ,  b u t  t h e  u l t i m a t e  
p roduc t  w i l l  l i k e l y  employ i n t e g r a t e d  o p t i c s  f o r  a l l  
d e v i c e s  o u t s i d e  of t h e  f i b e r  r i n g .  The c u r r e n t  work 
i n v o l v e s  t h e  use of 0.85 micron wavelength d e v i c e s ,  b u t  
p re l imina ry  experimental  e v a l u a t i o n  and s t u d i e s  have a l s o  
been done us ing  t h e  low l o s s  1 .3  micron wavelength under 
USAF sponsor sh ip .  
The o p t i c a l  concept  i t s e l f  





Some l i n e a r  t r a n s d u c e r s  have been developed,  b u t ,  wh i l e  
they  e x h i b i t e d  good c h a r a c t e r i s t i c s ,  t h e  p h y s i c a l  s i z e  i s  
l a r g e  compared t o  s t a n d a r d  t r a n s d u c e r s .  These d e v i c e s  
r e q u i r e  c o n s i d e r a b l e  development. 
LEDs  i n  t h e  8 2 0  nm range a r e  a v a i l a b l e  and 1 3 0 0  nm u n i t s  
o f f e r i n g  good improvements . a r e  i n  t h e  hor izon .  One 
company is producing a 4-axis  p a s s i v e  o p t i c a l  hand 
c o n t r o l l e r  f o r  a h e l i c o p t e r  a p p l i c a t i o n  as  w e l l  a s  
procur ing  o p t i c a l  l i n e a r  p o s i t i o n  t r a n s d u c e r s  f o r  s e r v o  
v a l v e  and s e r v o  ram p o s i t i o n  measurements. 
Photo d e t e c t o r s  a r e  p r o g r e s s i n g  b u t  j u s t  by t h e i r  n a t u r e  
of o p e r a t i o n  a r e  s u s c e p t i b l e  t o  r a d i a t i o n  damage. To 
f u l f i l l  t h e  need of a " rad  ha rd"  a p p l i c a t i o n  r e q u i r e s  a 
d e t e c t o r  w i t h  reduced s e n s i t i v i t y  from t h e  beginning ,  
which r e q u i r e s  s t r o n g e r  d r i v e r s  and minimal l o s s e s  w i t h i n  
t h e  system. 
A number of d i r ec t  mechan ica l /op t i ca l  t r a n s d u c e r s  have 
been developed through t h e  Army's ADOCS program. 
Am not aware of any d i r e c t  o p t i c a l  r a t e / a c c e l e r a t i o n  
s e n s o r s  and a m  n o t  su re  one would w a n t  them. 
Technology is here today a s  wi tnes sed  by t h e  developments 
av a il a b l  e. 
A f u l l  range of s e n s o r s  o f f e r s  new f l i g h t  c o n t r o l  system 
d e s i g n  p o t e n t i a l ,  i n c l u d i n g  c o n s o l i d a t i n g  e l e c t r o n i c s .  
Much more work i s  r e q u i r e d  i n  t h i s  area a l though t h e  
f e a s i b i l i t y  h a s  been e s t a b l i s h e d  f o r  a l l  f l i g h t  c o n t r o l  
system sensed  q u a n t i t i e s .  
Work sponsored by t h e  Army and by NASA L e w i s  t o  deve lop  
o p t i c a l l y  a c t i v a t e d  a c t u a t o r s  i s  c u r r e n t l y  underway. 
N A S A ' s  i n t e r e s t  i s  t o  develop a c t u a t o r s  f o r  engine  c o n t r o l  
t h a t  can e i t h e r  be c o n t r o l l e d  by a low l ' eve l  o p t i c a l  
s i g n a l ,  (which would be used t o  c o n t r o l  l o c a l l y  
genera ted  power t o  t h e  a c t u a t o r )  o r  a c t u a t o r s  t h a t  can be 
ope ra t ed  d i r e c t l y  by t h e  o p t i c a l  power t r a n s m i t t e d  t o  
them. 
Opt ica l  p o s i t i o n  encoders  ( r o t a r y  and l i n e a r )  and o p t i c a l  
tachometers  a r e  t h e  f u r t h e s t  a long  i n  terms of d e s i g n ,  
f a b r i c a t i o n  and t e s t i n g .  NASA L e w i s  was among t h e  f i r s t  
t o  b u i l d  and t e s t  a p a s s i v e  o p t i c a l  r o t a r y  encoder and an  
o p t i c a l  tachometer on a n  engine.  Army/Navy c o o p e r a t i v e  
e f f o r t s  on b u i l d i n g  and t e s t i n g  a l i n e a r  o p t i c a l  encoder 
came t o  f r u i t i o n  l a s t  yea r  w i t h  a f l i g h t  t e s t  of t h e  
encoder.  Army programs f o r  h e l i c o p t e r  a p p l i c a t i o n s  have 
s u b s t a n t i a l  e f f o r t s  i n  t h e  des ign  and development of both 
r o t a r y  and l i n e a r ,  p a s s i v e ,  o p t i c a l  encoders .  Subsequent 
f l i g h t  t e s t  a r e  scheduled f o r  t h e s e  o p t i c a l  s e n s o r s .  






















O p t i c a l  t empera ture  sensors f o r  p ropu l s ion  c o n t r o l  
a p p l i c a t i o n s  are being a c t i v e l y  pursued by NASA L e w i s  and 
two c o n t r a c t s  a re  nea r ly  completed. One i s  an  i n t e n s i t y  
type  sensor  (Rare E a r t h )  and t h e  o t h e r  i s  a wave l e n g t h  
modulating senso r  (Fabry-Perot)  . An a d d i t i o n a l  c o n t r a c t  
f o r  des ign  and development of a n  o p t i c a l  t empera ture  
senso r  capab le  of measuring gas  t empera tu res  t o  170OoC h a s  
r e c e n t l y  been awarded. Pressure s e n s o r s  l a g  f u r t h e r  
behind i n  terms of development. O p t i c a l  p r e s s u r e  s e n s o r s  
have been designed b u t  a g g r e s s i v e  funding  f o r  development 
and t e s t i n g  of o p t i c a l  p r e s s u r e  s e n s o r s  has  been l a c k i n g .  
The Sagnac e f f e c t  h a s  been pursued  us ing  s p o o l s  of o p t i c a l  
f i b e r  f o r  r o t a t i o n  sens ing  s i n c e  1976. To d a t e ,  no pro- 
d u c t s  a r e  a v a i l a b l e  and none a re  known t o  be i n  any pro to-  
t ype  s t a g e .  The p r i n c i p a l  problem has  been d r i f t  
s t a b i l i t y .  me p o t e n t i a l  b e n e f i t s  of ruggedness (no  
moving p a r t s ) ,  l i g h t n e s s  of weight ,  and low c o s t  i n  pro- 
d u c t i o n  a r e  b e l i e v e d  r e a l i z a b l e .  Cos t  i s  a n  issue a t  
p r e s e n t  due t o  t h e  expense of small q u a n t i t i e s  of t h e  
f i b e r  and l i g h t  s o u r c e  - a G a A l A s  edge e m i t t i n g  diode.  
Low p a r t s  count ,  and l a c k  of mechanical ad jus tments  and 
expec ted  c l e a n  room requi rements  a r e  f a v o r a b l e  t o  low 
c o s t .  The d r i f t  problem is  caused by t h e  enormous d i f -  
f e r e n c e  between t h e  wavelength of l i g h t  and t h e  required 
o p t i c a l  pa th  l e n g t h  i n  a r easonab le  volume t o  o b t a i n  
r easonab le  r a t e  s e n s i t i v i  . s t a b i l i t y  r e q u i r e d  i s  
t h e  o rde r  of 1 p a r t  i n  l o r Y  to':"oas o r  more depending upon 
t h e  d r i f t  requirement .  F o r t u n a t e l y ,  t h e  measurement i s  of 
r e l a t i v e  phase between two l i g h t  beams which t r a v e l  t h e  
"same" p a t h  i n  o p p o s i t e  d i r e c t i o n s .  A t  t h e  above 
s t a b i l i t y  t o l e r a n c e s ,  t h e  e q u a l i t y  of t h e  pa th  f o r  t h e  two 
d i r e c t i o n s  i s  a f f e c t e d  by many f a c t o r s .  I n v e s t i g a t i o n  of 
t h e s e  f a c t o r s  w i t h i n  t h e  o p t i c a l  p a t h  materials and 
methods t o  minimize t h e  d i f f e r e n c e  is  i n  p r o g r e s s  now a t  a 
number of f a c i l i t i e s .  To date,  t h e r e  a re  few f i b e r  o p t i c  
gy ros  e x i s t i n g .  
which a r e  no t  f u n c t i o n a l l y  gyros  nor packaged as  gyros.  
Two companies are known t o  have b u i l t  f u n c t i o n i n g  gyro  
models. 
o p t i c  gyros  w i t h  a l l  components packages t o g e t h e r .  Work 
is  i n  p r o g r e s s  on developing and packaging a l l  f i b e r  gy ros  
which promise t o  be more s t a b l e  t h a n  t h e  b u l k  o p t i c s  
approaches wh ich  are  l i m i t e d  by mechanical s t a b i l i t y .  
A f i b e r  o p t i c  gyro  concept  h a s  been developed under Army 
sponsorsh ip .  The c u r r e n t  device  i s  a s i n g l e  a x i s  s enso r  
3.5" diameter b 1 . 2 5 "  h igh  w h i c h  was b u i l t  and t e s t ed  t o  
Company funds  are suppor t ing  t h e  development of a small ,  
"low-cost, " modest performance f i b e r  o p t i c  gyro. 
mance r e s u l t s  of breadboard t e s t i n g  are  expected i n  
l a t e  i984. 
Most work has  been on l a b o r a t o r y  s e t u p s  
Both have b u i l t  small d iameter  b u l k  o p t i c s  f i b e r  
a r a t e  of & 1 5 0  i: /sec. Development i s  con t inu ing .  
Pe r fo r -  
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o A d i g i t a l  l i n e a r  o p t i c a l  d i sp l acemen t  t r a n s d u c e r  (LODT) 
h a s  been f l i g h t  t e s t e d  i n  a Navy T-2C t r a i n e r  and both  a 
d i g i t a l  and ana log  LODT i n  an Army AH-1s h e l i c o p t e r .  The 
u n i t s  o p e r a t e d  s a t i s f a c t o r i l y  b u t  were much t o  l a r g e  f o r  
p r a c t i c a l  app l  ica ti on. 
o Other t han  t h e  r i n g  l a s e r  gyro  which is e l e c t r o - o p t i c a l ,  
am not  aware of any a v a i l a b l e  f l i g h t  c o n t r o l  s e n s o r s .  








Most e l e c t r i c a l  connector  vendors  produce f i b e r  o p t i c  
connec tors .  There a r e  a l s o  abou t  a s  many s t a n d a r d s  f o r  
f i b e r  o p t i c  connec to r s  a s  t h e r e  a r e  major connec tor  
manufacturers .  Some of t h e  manufac tu re r s  a r e  t r y i n g  t o  
develop an  i n d u s t r y  s t a n d a r d  f o r  f i b e r  o p t i c  connec to r s ,  
s i n c e  no m i l i t a r y  s t a n d a r d  e x i s t s .  Temperature i s  one of 
t h e  main problems. Many connec to r s  require an  epoxy t o  
ho ld  t h e  f i b e r  and since t h e  t empera tu re  c o e f f i c i e n t  of 
t h e  epoxy, f i b e r ,  and connec tor  i s  d i f f e r e n t ,  i n c r e a s e d  
l o s s e s  r e s u l t  a t  h igh  t empera tu re .  
Fiber  o p t i c  connec to r s  used on m i l i t a r y  programs a r e  
a v a i l a b l e  from many companies. One company manufac tures  a 
m u l t i p l e  box connec tor  ho ld ing  8 f i b e r s .  I t  uses  a MIL- 
STD-28876 s h e l l  and t h e  b u t t  j o i n t  method t o  i n t e r f a c e  
f i b e r s .  Development is underway t o  lower connec tor  l o s s e s  
us ing  v a r i o u s  l e n s  approaches.  Some companies a r e  
i n v e s t i g a t i n g  expanded beam connec to r s .  
Connector technology was developed under t h e  YC-14 
program. I t  is  hoped t h a t  t h e  connec tor  technology w i l l  
be r e so lved  by t h e  work d i r e c t e d  toward a proposed MIL-STD 
governing t h i s  issue.  
F l i g h t  worthy, MIL Spec q u a l i f i e d  connec to r s  a r e  a l r e a d y  
becoming a v a i l a b l e .  Epoxyless connec to r s  r e q u i r i n g  no 
f i b e r  p o l i s h i n g  w i l l  be t h e  p r e f e r r e d  type  f o r  a i r c r a f t  
u s e .  A c o s t  e f f e c t i v e  connec tor  w i l l  probably never  
achieve  a lower a t t e n u a t i o n  t h a n  about  1 . 0  db  w i t h  
e x c e l l e n t  r e p e a t a b i l i t y .  
Connector technology is  maturing a t  a good pace w i t h  
t y p i c a l  connec tor  losses  around 1 o r  2 db. A t  p r e s e n t  i t  
seems t h a t  t h e  te lecommunicat ions i n d u s t r y  is  d r i v i n g  t h e  
b u l k  of connector  development. 
None of t h e  many o p t i c a l  connec to r s  c u r r e n t l y  a v a i l a b l e  
a re  prac t ica l  f o r  use i n  t h e  a i r c r a f t  engine  environment.  
The need is f o r  a s t a n d a r d i z e d ,  rugged connec tor  capab le  
of handl ing tempera ture  extremes of -5OOC t o  550 6 C ,  




















engine  v i b r a t i o n ,  and m u l t i p l e  mat ings.  While aware of 
t h e  e f f o r t s  of t h e  EIA-P6 committee t o  develop a MIL-STD- 
38999 o p t i c a l  connector ,  engine-mounted e l e c t r o n i c s  a r e  
a l r e a d y  beginning t o  be s i z e d  by t h e  EMI-tolerant 
e l ec t r i ca l  connec to r s  now used ( i n c l u d i n g  38999) I f  
o p t i c s  i s  t o  become a v i a b l e  technology f o r  u s e  i n  
p ropu l s ion  c o n t r o l  systems, it m u s t  o f fe r  a s i g n i f i c a n t  
connec tor  s i z e  r educ t ion .  
o Rugged, low c o s t  connec tors  a r e  a v a i l a b l e  today.  Some 
users  say  they  a r e  r e l i ab le  and d o n ’ t  pose a maintenance 
problem. 
have more problems and a re  l e s s  r e l i a b l e  than  e l ec t r i ca l  
connec tors .  
O the r s  who have expe r i ence  wi th  them say  they  
o E x c e l l e n t  new d e s i g n s  a r e  now a v a i l a b l e  a t  a more 
r easonab le  c o s t  than  previous ly .  
a p p l i c a t i o n .  
Ready f o r  f l i g h t  c o n t r o l  
o Continuous development over t h e  p a s t  few y e a r s .  Problems 
s t i l l  e x i s t  i n  having t h e  f i b e r ( s )  l i n e  up f o r  c o n t i n u i t y  
of t h e  t r a n s m i t t e d  s i g n a l .  
o U n t i l  r e c e n t l y  connec tors  were bulky,  unique and n o t  
a p p l i c a b l e  t o  f l i g h t  c o n t r o l  “b lack  boxes.” R e c e n t  d a t a  
i n d i c a t e s  t h a t  connector  manufac turers  a r e  a d d r e s s i n g  t h e  
mul t i -p in  c i r c u l a r ,  bayonet o r  th readed ,  box mounted 
i n t e r f a c e  connec tor .  
o Connectors  f o r  t e rmina t ing  o p t i c a l  f i b e r s  a r e  p l e n t i f u l  
e s p e c i a l l y  f o r  multimode ( l a r g e  core) f i b e r s  which f o r  t h e  
most p a r t  a r e  b u t t  type.  Metal connec to r s  w i l l  be used 
f o r  engine  c o n t r o l  a p p l i c a t i o n s .  
o Connectors a re  s t a t e - o f - t h e - a r t .  Many companies make  
f l y a b l e  connec to r s  which meet MIL s t a n d a r d s .  
DATA BUSSING 
o A high  speed data bus  has been developed f o r  u s e  i n  t h e  
Submarine Acous t ic  Combat System (SubACS) . T h i s  system 
u t i l i z e s  f i b e r  o p t i c  t r a n s m i t t e r s  and r e c e i v e r s  t o  l i n k  
many u n i t s  t o g e t h e r  v i a  a D i s t r i b u t e d  System Data B u s .  
The s p e c i f i c a t i o n  f o r  t h e  MIL-STD-1773 f ibe r  o p t i c  data 
bus i s  i n  t h e  p r o c e s s  of being r e l e a s e d  by t h e  T r i -  
s e r v i c e s .  T h i s  f i b e r  o p t i c  d a t a  b u s ,  which o p e r a t e s  a t  
lMbit/sec, h a s  been def ined  us ing  t h e  MIL-STD-1553 
p r o t o c o l .  The primary group r e s p o n s i b l e  f o r  t h e  
development of t h e  s p e c i f i c a t i o n  was t h e  SAE-9C Fiber  
O p t i c  subcommittee. 
o 
o Optical  data b u s e s  w i l l  f i n d  e x t e n s i v e  use i n  a i r c r a f t  
w i t h i n  t h e  n e x t  t e n  yea r s .  The i r  i n t e g r a t i o n  w i l l  be 
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paced by t h e  a v a i l a b i l i t y  of f l i g h t  worthy/MIL Spec 
q u a l i f i e d  b i - con ica l  and s t a r  c o u p l e r s .  P r e s e n t  f i b e r  
o p t i c  c a b l e s  a r e  good enough b u t  can be v a s t l y  improved. 
The e x i s t i n g  MIL-STD-1773 (1 MHz) o p t i c a l  data  bus a p p e a r s  
t o  be adequate  f o r  engine  c o n t r o l s  a p p l i c a t i o n .  
Op t i ca l  d a t a  b u s e s  are now under development. P r o d u c t i o n .  
a p p l i c a t i o n s  a r e  probably  1 0  y e a r s  away, perhaps  l e s s  i f  
higher  p r i o r i t i e s  a r e  e s t a b l i s h e d  b u t  p robably  more t h a n  
1 0  y e a r s  a t  t h e  normal pace of development. 
Exce l l en t  r e s u l t s  on v a r i o u s  government a i r c r a f t  
a p p l i c a t i o n s  t o  d a t e  ( i . e . ,  A-7D a i r c r a f t ) .  Very h igh  
speed data uses s t i l l  need a l a r g e  development and 
v a l i d a t i o n  program t o  prove d i g i t a l  bus network d e s i g n s  
and p r o t o c o l s  cove r ing  t h e  range of 2 t o  300 Mbps d a t a  
t r ansm i s s i on. 
Advantages a r e  h igh  d a t a  r a t e s ,  n o i s e  immunity. 
Disadvantages i n c l u d e  c o s t  a s s o c i a t e d  w i t h  o p t i c a l  
r e c e i v e r s / t r a n s m i t t e r s ,  c o u p l e r s ,  e tc .  when a p p l i e d  t o  
o t h e r  t han  s i n g l e  p o i n t  t o  p o i n t  l i n k s .  
U n l i k e  e lec t r ica l ,  i t  i s  d i f f i c u l t  t o  add connec t ions  t o  
o p t i c a l  b u s s e s .  They a re  l i m i t e d  by t h e  e x i s t i n g  MIL 
specs  t o  baud r a t e  of s e r i a l  d a t a .  The l e n g t h  of b u s s e s  
i n  a n  a i r c r a f t  i s  s o  s h o r t  t h a t  f i b e r  l o s s e s  a r e  
n e g l i g i b l e .  Terminat ion and s p l i t t i n g  l o s s e s  a long  a b u s s  
qu ick ly  e a t  up r e s e r v e  t r a n s m i t t e d  power. Act ive  ( v s .  
p a s s i v e )  s p l i t t e r s  should  be i n v e s t i g a t e d .  
Although o p t i c a l  data busses  w i l l  n o t  be r e q u i r e d  f o r  
engine c o n t r o l  a p p l i c a t i o n s  a s  l o n g  a s  t h e  c o n t r o l  
remains on t h e  eng ine ,  t h e  need f o r  h igh  t empera tu re  
o p t i c a l  f i b e r  l i n k s  shou ld  be recognized .  These  f i b e r s  
w i l l  b e  r e q u i r e d  t o  w i t h s t a n d  t empera tu res  t h a t  can reach 
5OO0C around t h e  t u r b i n e  case reg ion .  
d i f f e r e n t  m a t e r i a l s  a r e  being i n v e s t i g a t e d  f o r  p o s s i b l e  
u s e  with o p t i c a l  f i b e r s .  I n  t h e  even t  t h e  c o n t r o l  is 
l o c a t e d  o f f  engine  t h e  communication da ta  l i n k  between t h e  
c o n t r o l  and engine  components w i l l  u s e  t h e  1773 o p t i c a l  
d a t a  b u s  s t anda rd .  
A number of 
Op t i ca l  d a t a  buses  a r e  s t a t e - o f - t h e - a r t  and wide ly  used by 
B e l l  Telephone. Marconi i s  developing f i b e r  o p t i c  l i n k s  
f o r  t h e  Skyship 600  blimp. A 1553B o p t i c a l  d a t a  b u s  i s  
f e a s i b l e  b u t  o p t i c a l  data  t r a n s m i s s i o n  i s  ve ry  s u s c e p t i b l e  
t o  f i r e / h e a t .  
OPTICAL AND ELECTRO/OF'TICAL PROCESSING 
o Many a i r c r a f t  companies, primary f l i g h t  c o n t r o l  companies, 







and v a r i o u s  non-aerospace companies a r e  involved i n  t h e  
development of f i b e r  o p t i c  systems. Each company u s u a l l y  
h a s  a p p l i c a t i o n s  t h a t  r e q u i r e  p rocess ing  t o  meet s p e c i f i c  
needs.  Most developments a r e  p r o p r i e t a r y  t o  t h e  company. 
I n  reviewing t h e  l i t e r a t u r e  on o p t i c a l  a c t u a t o r s ,  it is  
f e l t  t h a t  t h e  approach is n o t  j u s t i f i e d  because of t h e  
induced t r a n s i e n t  vo l t age  l e v e l s  i d e n t i f i e d .  I n  a d d i t i o n ,  
t h e  review d i d  n o t  i d e n t i f y  a p r a c t i c a l  approach 










O p t i c a l  p rocess ing  f o r  f l i g h t  c o n t r o l s  i s  a t  l e a s t  e i g h t  
t o  t e n  y e a r s  away. 
p r o c e s s i n g  f o r  f l i g h t  c o n t r o l s  r e s i d e s  more i n  t h e  t o t a l  
i s o l a t i o n  and immunity from e x t e r n a l  d i s t u r b a n c e s  t o  be 
ga ined  r a t h e r  t h a n  t h e  ex t remely  h igh  computat ional  speeds  
which could  on ly  be p rope r ly  u t i l i z e d  i n  a f l u t t e r  
suppres s ion  system. 
The a t t r a c t i v e n e s s  of o p t i c a l  
Now i n  e a r l y  s t a g e s  of development. The re  a r e  some low 
l e v e l ,  l i m i t e d  a p p l i c a t i o n s  appea r ing  now, b u t  t h e  r ea l  
f l i g h t  c o n t r o l  a p p l i c a t i o n  i n  combinat ion wi th  o p t i c a l  
s e n s o r s  and d a t a  buses  is probably  1 0  or more y e a r s  away. 
Needs e x t e n s i v e  R&D be fo re  a p p l i c a t i o n .  
T a l k  abou t  mono l i th i c  o p t i c a l  i n t e g r a t i o n  c i r c u i t s  h a s  
been around b u t  n o t  much o the rwise .  T h e r e  does n o t  seem 
t o  be much advantage t o  i t ,  excep t  EMI.  
Under development. The Army's ADOCS program is  probably 
t h e  most advanced i n  t h i s  r e s p e c t .  
Does n o t  appear  necessary.  
a p p r o p r i a t e  t o  s i g n a l  p rocess ing  where  10 -50  picosecond 
l i m i t  of e l e c t r o n i c  g a t e s  can be overcome. 
O p t i c a l  p rocess ing  seems more 
Don't  see much u s e .  VHSIC ( s h i e l d e d  i f  necessa ry )  w i l l  be  
dominant . 
Not be ing  s e r i o u s l y  cons idered  f o r  u s e  i n  e i t h e r  
p r o p u l s i o n  o r  f l i g h t  c o n t r o l  a p p l i c a t i o n s .  
p rocess ing  for c o n t r o l  a p p l i c a t i o n s  s t i l l  i n  t h e  e a r l y  
s t a g e s  of r e s e a r c h .  
two g r a n t s  i n  o p t i c a l  p rocess ing  r e s e a r c h .  
O p t i c a l  
NASA L e w i s  i s  c u r r e n t l y  sponsor ing  
Some work on o p t i c a l  computers e x i t s ,  b u t  am n o t  aware of  
any o p t i c a l  p r o c e s s o r s  f o r  f l i g h t  c o n t r o l  or any o t h e r  
a v i o n i c s  a p p l i c a t i o n s .  





AIRFRAME INSTALLATION ISSUES 
o F ibe r  o p t i c  (F.O.) c a b l e s  can r e s u l t  i n  advantages  o r  
d i sadvan tages  depending on t h e  i n s t a l l a t i o n .  Some 
advantages are:  l i g h t e r  weight ;  no problem w i t h  n o i s e  
pick-up o r  i n t e r f e r e n c e  - s o  i t  can be r o u t e d  wi th  power 
cab le s ;  no r a d i a t e d  energy;  and v e r y  low a t t e n u a t i o n .  
Some of t h e  d i sadvan tages  a r e :  connec tor  assembly t i m e  i s  
longe r ;  F.O. cables may require l a r g e r  r a d i u s  bends; 
personnel  m u s t  be t r a i n e d  t o  unde r s t and  t h e  d i f f e r e n c e s  
between F.O. and metal c a b l e s .  
o F ibe r  o p t i c  system i n s t a l l a t i o n  i n  a i r c r a f t  s t r u c t u r e s  
p resen t -  s p e c i a l  requirements t h a t  a r e  n o t  normally 
encountered i n  wire i n s t a l l a t i o n s .  F i b e r  o p t i c  cables a r e  
n o t  n e c e s s a r i l y  d e l i c a t e  ( c u r r e n t  d e s i g n s )  , b u t  shou ld  be 
handled w i t h  r easonab le  c a r e  such  a s :  min imiza t ion  of 
t e n s i o n  on cables, avoidance of small  r ad ius  bending and 
undue p r e s s u r e  caused by cable clamps. High and low 
t empera tures  may a f f e c t  t h e  cable t r a n s m i s s i o n  
c h a r a c t e r i s t i c s .  Connectors  should  be minimized t o  avoid  
e x c e s s i v e  s i g n a l  a t t e n u a t i o n .  Environmental ly  qua l  i f  i e d  f i b e r  
o p t i c  hardware i s  impor t an t  t o  s u c c e s s f u l  o p e r a t i o n  i n  
a i r c r a f t  and i n c l u d e s  a l l  p r o j e c t e d  miss ion  c o n d i t i o n s  
expec ted  of t h e  a i r c r a f t .  The f i b e r  o p t i c  hardware m u s t  
meet Mil-Spec q u a l i f i c a t i o n s  s ince f l i g h t  c r i t i c a l  data  
w i l l  flow over d a t a  busses.  S i n c e  f l i g h t  c o n t r o l  
r e l i a b i l i t y  and s a f e t y  a re  prime concerns  i n  any manned 
a i r c r a f t  a p p l i c a t i o n ,  any f i b e r  o p t i c  system approach 
m u s t  by n e c e s s i t y  ma in ta in  a h i g h  l e v e l  of r e l i a b i l i t y  t o  
be accep tab le .  
o The e l e c t r o n i c  c i r c u i t s  f o r  t h e  r e c e i v e r s  and t r a n s m i t t e r s  
a r e  s e n s i t i v e  and can be a d v e r s e l y  a f f e c t e d  by o t h e r  
e l  ectr  i c a l / e l  ect  r o n i c  c i r c u i t s ,  t h e r e f o r  e, s h i e l d i n g  may 
be needed. Temperature,  v i b r a t i o n ,  g- loading,  EMP, EM1 
and r a d i a t i o n  hardening  a r e  c o n s i d e r a t i o n s  t h a t  need t o  be 
addressed  f o r  c u r r e n t  and f u t u r e  sys tems,  p a r t i c u l a r l y  f o r  
m i l i t a r y  a p p l i c a t i o n s .  Fiber  o p t i c  c a b l i n g  f o r  f l i g h t  
c o n t r o l  a p p l i c a t i o n s  s u c h  as  d a t a  b u s s e s  a r e  l i k e l y  t o  
involve  redundant  channels .  Appropr i a t e  d i s t r i b u t i o n  
( spac ing )  should be provided  t o  minimize combat damage i n  
m i l i t a r y  a p p l i c a t i o n s .  
j e t  engines  need thermal  s h i e l d i n g  and contaminat ion  
p r o t e c t i o n  and t h o s e  pas s ing  through p r e s s u r i z e d  
compartments w i l l  require s p e c i a l  connec tors .  











1 o P resen t  s t a t e - o f - t h e - a r t  f i b e r  o p t i c  components, excep t  f o r  t h e  b i - con ica l  and s t a r  c o u p l e r s ,  do n o t  p r e s e n t  any 
p a r t i c u l a r  i n s t a l l a t i o n  i s sues  d i f f e r e n t  from a fly-by- 
w i r e  implementation. I t  i s  impor t an t ,  however, t o  provide  
e n t r y  p o r t s  i n t o  t h e  s i g n a l  t r a n s m i s s i o n  system so  t h a t  no 
d i sconnec t ing  i s  r e q u i r e d  f o r  t e s t  purposes .  
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o Harnesses  a re  t y p i c a l l y  used i n  a i r c r a f t  w i r i n g  for  e a s e  
of i n s t a l l a t i o n  and t o  p rov ide  b r e a k p o i n t s  between major 
a i r c r a f t  assembl ies .  T h i s  i m p l i e s  s e v e r a l  bu lkhead  
connec t ions  between s i g n a l  s o u r c e s  and end users.  O p t i c a l  
connector  l o s s e s  m u s t ,  t h e r e f o r e ,  be reduced even f u r t h e r .  
Bend r a d i i  of o p t i c a l  f i be r s  could  be a problem where 
" t i g h t "  equipment i n s t a l l a t i o n s  a re  encountered.  Unique 
connec tor  d e s i g n s  w i l l  be  required t o  p rov ide  c a b l e  
r o u t i n g  c o n f i g u r a t i o n s  comparable t o  t h o s e  of conven t iona l  
w i r ing .  
o O p t i c s  i s  viewed as a system issue.  I n t r o d u c t i o n  of 
o p t i c s  i n t o  p ropu l s ion  c o n t r o l  w i l l  be paced by i t s  
i n t r o d u c t i o n  i n t o  t h e  a i r f r a m e / f l i g h t  c o n t r o l  system 
i n t e r f a c e .  There could be i s o l a t e d  cases of o p t i c s  used 
comple te ly  w i t h i n  t h e  p ropu l s ion  c o n t r o l  system, b u t  
i n t e r s y s t e m  a p p l i c a t i o n s  w i l l  most l i k e l y  be l e d  by 
airframe c o n s i d e r a t i o n s .  
o Terminat ion and s p l i t t e r s  a r e  one source  of l o s s e s .  
O the r s  a r e  p a s s i n g  t h e  f i b e r  through m u l t i p l e  bu lkheads  
wi th  a connec tor  a t  each bu lkhead  which w i l l  induce 
l o s s e s ;  bending f i b e r  around t i g h t  c o r n e r s ;  f i b e r  s t r a i n  
r e l i e f ;  and, environment h e a t i n g  and coo l ing .  (Example: 
U2 a i r c r a f t  have senso r s  on t h e  ends  of t h e  wings. The 
wing t i p s  can f l e x  up and down 6 t o  1 0  f e e t  i n  f l i g h t ) .  
o S i z e  of o p t i c a l  components could become a major issue 
s i n c e  o p t i c a l  accuracy is a f u n c t i o n  of s i z e .  F ibe r  o p t i c  
c a b l i n g  s u s c e p t i b i l i t y  t o  h e a t / f i r e  requires  e x t r a o r d i n a r y  
p r o t e c t i o n  methods. New f ibe r  development may be 
r eq u i  r ed . 
o Equipment boxes need an o p t i c a l  i n t e r f a c e .  The p robab le  
and l o g i c a l  f i r s t  s t e p  i s  t o  p rov ide  a conven t iona l  
e l e c t r i c a l / e l e c t r o n i c  connector  and a n  o p t i c a l  connec tor  
on each box. Second gene ra t ion  boxes could  e l i m i n a t e  t h e  
e l e c t r i c a l / e l e c t r o n i c  connector .  ' Personnel  t r a i n i n g  i s  
required t o  hand le ,  i n s t a l l  and s e r v i c e  f i b e r  o p t i c  
equipment. R e l i a b i l i t y  and l i f e  of l i n e s ,  connec to r s ,  
e tc . ,  p a r t i c u l a r l y  i n  t h e  m i l i t a r y  environment i s  an  
unknown. 
o N o t  much data a v a i l a b l e  b u t  f e e l  t h a t  airframe 
i n s t a l l a t i o n  w i l l  be e a s i e r  us ing  f i b e r  o p t i c s .  The i s s u e  
of p r e f a b r i c a t e d  wings us ing  composi tes ,  however, needs 
carefu l  s tudy  and review s i n c e  f i b e r  spl ices  o r  connec to r s  
a t  t h e  mating i n t e r f a c e s  w i l l  e f f ec t  t h e  power budget .  
o The advantages  a r e  smaller c a b l e  bundles ,  reduced c a b l e  
weight  and immunity t o  E M I .  Among t h e  d i sadvan tages  a r e  
low t e n s i l e  s t r e n g t h ,  smaller bending r a d i i  and t h e  f a c t  
t h a t  power cannot  be t r a n s m i t t e d .  
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REPAIR/MAINTENANCE TECHNIQUES AND TOOLS 
o Experience w i t h  t h e  dua l  channel  f i b e r  op,,: d a t a  busses  
on t h e  D I G I T A C  I1 program i n d i c a t e s  t h a t  maintenance and 
r e p a i r s  have been m i n i m a l .  This  d u a l  channel  system h a s  
two d i f f e r e n t  f i b e r .  o p t i c  cables,  one channel  c o n s i s t s  of 
a m u l t i f i b e r  t y p e  and t h e  o t h e r  channel  u t i l i z e s  s i n g l e  
f i b e r  cables. Maintenance pe r sonne l  shou ld  be t r a i n e d  i n  
t h e  proper hand l ing  and t h e  a r t  of r e p a i r  and maintenance 
of f i b e r  o p t i c  c a b l e s  and connec to r s .  Repai r  and 
maintenance of t h e  e l e c t r o n i c s  of t h e  t r a n s m i t t e r s  and 
r e c e i v e r s  p r e s e n t  no s p e c i a l  problems. B u s  t e s t  equipment 
and cab le  end f i n i s h i n g  t o o l s  a r e  a v a i l a b l e  from v a r i o u s  
companies s p e c i a l i z i n g  i n  t h e  f i e l d  of f i b e r  o p t i c  
technology.  Cur ren t  t o o l s  f o r  end f i n i s h i n g  c a b l e s  have 
l i m i t e d  c a p a b i l i t i e s ;  however, t echn iques  a r e  be ing  
r a p i d l y  improved. 
o The t i m e  required t o  make  a f i b e r  o p t i c  connec t ion  i s  
g r e a t e r  t han  a n  e l e c t r i c a l  connec t ion .  Care m u s t  be 
e x e r c i s e d  i n  s t r i p p i n g  t h e  cable.  Square c u t s  a t  t h e  
f i b e r  ends could be d i f f i c u l t  t o  ach ieve  and c a r e  m u s t  be 
t a k e n  i n  p o l i s h i n g  t h e  f i b e r  ends ( a l though  some new 
connectors  do n o t  require  a s  much e f f o r t  i n  p o l i s h i n g ) .  
Alignment i n  t h e  connec tor  i s  a l s o  c r i t i c a l .  The re fo re ,  
s p e c i a l  maintenance pe r sonne l  o r  t r a i n i n g  w i l l  be r e q u i r e d  
t o  r e p a i r  and m a i n t a i n  f i b e r  o p t i c  l i n k s .  
o There is a need t o  s t a n d a r d i z e  on t e s t  methods, f i b e r s ,  
wavelengths ,  d a t a  r a t e s ,  and connec to r s  t o  e a s e  t h e  
maintenance t a s k .  
o Good p o r t a b l e  hand h e l d  t o o l s  f o r  f i e l d  r e p a i r  of f i b e r  
o p t i c  s i g n a l  t r a n s m i s s i o n  systems a re  becoming a v a i l a b l e .  
However, t h i s  s u b j e c t  m u s t  con t inue  t o  r e c e i v e  c l o s e  
a t t e n t i o n  because t h e  s u c c e s s f u l  i n t e g r a t i o n  of f i b e r  
o p t i c s  i n  o p e r a t i o n a l  m i l i t a r y  or  commercial systems 
depends g r e a t l y  on ease of r e p a i r .  
o For implementation, it would seem t h a t  requi rements  be 
e s t a b l i s h e d  t h a t  o p t i c a l  equipment ( connec to r s ,  cab les ,  
e t c . , )  be no more d i f f i c u l t  t o  r e p a i r  t han  p r e s e n t  
e l ec t r i ca l  c o u n t e r p a r t s  and t h a t  s k i l l  l e v e l s  be s i m i l a r .  
o Tools,  t r a i n i n g  d e v i c e s ,  overhaul  f a c i l i t i e s ,  and 
maintenance manuals have t o  be developed and d i s t r i b u t e d .  
Tra in ing  programs m u s t  be developed and implemented and 
maintenance pe r sonne l  m u s t  be t r a i n e d .  
o I t  should n o t  be a d i f f i c u l t  problem i f  t h e  l a t e s t  f i b e r  
o p t i c  t es t  equipment and t echn iques  a r e  implemented. 
Standard t echn iques  w i l l  have t o  be developed and t h e  
proper t r a i n i n g  of pe r sonne l  w i l l  be mandatory. 

























Repai r ,  maintenance techniques  and t o o l s  a r e  c u r r e n t l y  
a v a i l a b l e .  
Most of t h e  time t h e  m i l i t a r y  w i l l  r e p l a c e  from s p a r e s  and 
n o t  r e p a i r .  Tools ,  t echniques ,  requi rements  a r e  n o t  ve ry  
a p p l i c a b l e  t o  f i e l d  maintenance due t o  s p e c i a l  t r a i n i n g  
and c o n t r o l  required fo r  good q u a l i t y .  A sp l ice  induces  
one t o  two more a r e a s  of g r e a t e r  l o s s  where t h e r e  was 
n e g l i g i b l e  loss. 
Procedures  f o r  handl ing  f i b e r  o p t i c  s e n s o r s  must be 
developed and w i l l  r e q u i r e  t r a i n i n g  of pe r sonne l  t o  f i e l d  
t e s t ,  f i e l d  r e p a i r ,  and hand le  t h e  f i b e r  o p t i c  s e n s o r s .  
Tools of a p o r t a b l e  n a t u r e  a r e  required t o  t e s t  o p t i c a l  
c i r cu i t s  i n  a system and t o  r e p a i r  components such as 
connec to r s  and f i b e r  o p t i c  cables i n  non l a b o r a t o r y  
c o n d i t i o n s .  
Fiber  o p t i c  c a b l i n g  can be r e a d i l y  s p l i c e d  ( T - j o i n t s ,  
e t c . ) .  However, connector  a l ignment  i s  ve ry  impor t an t  and 
cou ld  be a maintenance problem. S p e c i a l  t r a i n i n g  i n  
hand l ing  of f i b e r  o p t i c s  w i l l  be r e q u i r e d .  
OVERALL ASSESSMENT OF APPLICATION STATUS 
o The D I G I T A C  I1 f l i g h t  c o n t r o l  system c u r r e n t l y  i n s t a l l e d  
i n  t h e  D I G I T A C  YA-7D t e s t  a i r c r a f t  a t  Edwards AFB 
C a l i f o r n i a  uses MIL-STD-1553A d a t a  busses  t o  t r a n s f e r  
f l i g h t  c o n t r o l  data.  The d a t a  b u s e s  a re  d u a l  channel  wire 
and d u a l  channel  f i b e r  o p t i c  ( " f ly -by- l igh t " )  and a r e  
selectable  i n  t h e  cockp i t  by t h e  p i l o t  t o  "fly-by-wire" o r  
f ly -by - l igh t "  o r  a l t e r n a t i v e l y  one wire channel  and one 
f i b e r  o p t i c  channel .  The " f ly-by- l igh t"  system has flown 
290 f l i g h t s  over a per iod  of 3 y e a r s .  The system h a s  
performed f l a w l e s s l y  with v i r t u a l l y  no maintenance. The 
" f ly-by- l igh t"  system has achieved  such a r e l i a b l e  s t a t u s  
t h a t  i t  is  now used e x c l u s i v e l y  t o  f l y  t h e  a i r c r a f t  i n  a l l  
r o u t i n e  o p e r a t i o n a l  t e s t  mi s s ions .  Experience ga ined  w i t h  
t h i s  system shows t h e  s i n g l e  f i b e r  channel  t o  be t o t a l l y  
t r o u b l e  f ree .  The channel w i t h  t h e  m u l t i f i b e r  ( 2 1 0  
f ibers )  cables h a s  s u f f e r e d  numerous f i be r  breakage 
problems d u e  t o  normal a i r c r a f t  maintenance handl ing .  The 
m u l t i f i b e r  cable approach i s  now cons ide red  t o  be o b s o l e t e  
by i n d u s t r y  and h a s  been r e p l a c e d  i n  s i n g l e  f i b e r  cables  
having improved t r ansmiss ion  q u a l i t i e s  and tough 
p r o t e c t i v e  s h i e l d s  t h a t  o f f e r  c o n s i d e r a b l e  o v e r a l l  
improvements. The DIGITAC I1 " f ly -by- l igh t "  systern is t h e  
on ly  " f u l l y  up" t h r e e  a x i s  system t h a t  t r a n s m i t t s  a l l  
a i r c r a f t  f l i g h t  c r i t i c a l  c o n t r o l  data between computers 
and between computers and remote t e r m i n a l s .  The systems 
performance and r e l i a b i l i t y  has  f a r  exceeded our 
e x p e c t a t i o n s .  Based on t h e  t r o u b l e  f r e e  results over t h e  
p a s t  two y e a r s  of o p e r a t i o n s  it appea r s  t h i s  approach i s  
36 
ready f o r  c o n s i d e r a t i o n  f o r  use i n  p r o d u c t i o n  a i r c r a f t ,  
and t h i s  con f idence  i s  r e i n f o r c e d  i n  view of t h e  c u r r e n t  
a v a i l a b i l i t y  of much improved s t a t e - o f - t h e - a r t  components . 
Some development programs have used f i b e r  o p t i c  busses  a s  
p a r t  of t h e  a i r c r a f t  sys tems t o  c o n t r o l  f l a p s ,  s p o i l e r s ,  
armament s t o r e s  and communications v i a  a s imple  s i n g l e  
channel bus.  S ince  t h e s e  a p p l i c a t i o n s  do n o t  meet f l i g h t  
c r i t i c a l / s a f e t y  r equ i r emen t s ,  t hey  a re  n o t  burdened w i t h  
complex i t i e s  of redundancy r e q u i r e d  i n  s a f e t y  of f l i g h t  
systems. The Army's ADOCS, c u r r e n t l y  be ing  developed f o r  
h e l i c o p t e r  a p p l i c a t i o n s ,  r e p r e s e n t s  t h e  most 
e x t e n s i v e  development of any known o p t i c a l  approach 
d i r e c t e d  toward a i r c r a f t  f l i g h t  c o n t r o l s .  Many companies 
a r e  a c t i v e l y  developing a wide v a r i e t y  of o p t i c a l  
t echniques  t h a t  a r e  a p p l i c a b l e  t o  t h e  ae rospace  i n d u s t r y .  
Such a p p l i c a t i o n  a r e a s  a s  n a v i g a t i o n  and r a t e  g y r o s ,  
p o s i t i o n  s e n s o r s ,  f u e l  gages,  vo ice  a c t i v a t i o n ,  d a t a  
busses ,  c o n t r o l  s t i c k s ,  e tc . ,  t o  mention o n l y  a few t h a t  
a r e  c u r r e n t l y  under development. 
o The l a c k  of MIL-STDS h a s  l i m i t e d  t h e  a p p l i c a t i o n  of f i b e r  
o p t i c s .  When t h e  u n i t s  become q u a l i f i e d  and t h e  
tempera ture  problems a re  s o l v e d ,  more a p p l i c a t i o n s  w i l l  
appear.  Most of t o d a y ' s  a p p l i c a t i o n s  a r e  f o r  
communication Links.  For a small imbedded system, t h e  
communication l i n k  i s  n o t  t h e  a r e a  where development i s  
r e q u i r e d ,  b u t  r a the r  i n  t h e  m u l t i - f i b e r  c o n t r o l  l i n e s  f o r  
d i g i t a l  c o n t r o l .  ( M u l t i  f i b e r  connec to r s ,  l i g h t  t o  
e l e c t r i c  c o n v e r t e r s  w i t h  TTL o u t p u t  and swi t ch ing  times of 
100-400  nanosec.)  
o The t r end  i n  t h e  c o c k p i t  is t o  p u t  a l l  i n s t r u m e n t a t i o n  on 
t h e  d i s p l a y s  and t o  u s e  e l ec t romechan ica l  i n d i c a t o r s  o n l y  
f o r  emergencies. As t h e  requi rements  on t h e  a i r c r a f t  
become more complex, and t h e  need t o  d e c r e a s e  t h e  f l i g h t  
personnel  workload more u rgen t ,  t h e  u s e  of e l e c t r o / o p t i c a l  
p rocess ing  f o r  f l i g h t  c o n t r o l  w i l l  expand r a p i d l y .  I t  
w i l l  l i k e l y  appear  i n  t h e  nex t  g e n e r a t i o n  a i r c r a f t .  F ibe r  
o p t i c s  h a s  made in- roads  i n  m i l i t a r y  a p p l i c a t i o n s  f o r  
ground based systems such a s  Ground Launched C r u i s e  
Missile (GLCM) and s h i p  systems s u c h  a s  SubACS. I n  t h e  
nex t  f i v e  t o  t e n  y e a r s  i t  is  expec ted  t h a t  a i r b o r n e  
a p p l i c a t i o n s  such a s  a i r c r a f t ,  missi les  and s a t e l l i t e s ;  
and f i x e d  l o c a t i o n s  such a s  communications, s e c u r i t y  
a p p l i c a t i o n s ,  radar and v ideo  m u l t i p l e x i n g  w i l l  i n c r e a s e  
s i g n i f i c a n t l y .  The problem t o  be  so lved  by users of f i b e r  
o p t i c s  i n  t h e  m i l i t a r y  environment i s  t h e  u n a v a i l a b i l i t y  
of t r a n s c e i v e r s  and components compat ib le  wi th  m i l i t a r y  
hardware requi rements .  The commercial te lecommunicat ions 
i n d u s t r y  has  f o s t e r e d  t h e  r a p i d  development of f i b e r  o p t i c  
components and technology f o r  t h e i r  unique a p p l i c a t i o n s  
b u t  has l e f t  some s i g n i f i c a n t  v o i d s  i n  t h e  c a p a b i l i t y  
needed i n  m i l i t a r y  systems,  i n  p a r t i c u l a r ,  n u c l e a r  
r a d i a t i o n  r e s i s t a n c e ,  high speed b u s  a p p l i c a t i o n s ,  and 
r e l i a b l e  o p e r a t i o n s  i n  t empera tu re  extremes. 







It is cons ide red  t h a t  a c lear  c u t  advantage of f i b e r  o p t i c  
technology t o  f l i g h t  c o n t r o l s  h a s  n o t  been i d e n t i f i e d .  
The p o t e n t i a l  high bandwidth data hand l ing  c a p a b i l i t y  of 
f i be r  o p t i c s  is  n o t  g e n e r a l l y  a requirement .  A 
requirement  f o r  a f i b e r  o p t i c  angle-of -a t tack  probe does 
e x i s t .  The need f o r  f iber  o p t i c s  could  i n c r e a s e  i f  new 
archi tectures  require s i g n i f i c a n t l y  f a s t e r  data  ra tes  or 
are  subjec ted  t o  much worse e l ec t romagne t i c  hazards .  I t  
should  be emphasized t h a t  t h e s e  comments are  based on a 
f i g h t e r  a i r c r a f t  f l i g h t  c o n t r o l  system p e r s p e c t i v e .  Those 
involved  i n  o t h e r  a r e a s  and a i r c r a f t  may have d i f f e r e n t  
op in ions .  
Based on t h e  p r e s e n t  r a t e  of component development, a 
h i g h l y  f a u l t  t o l e r a n t  and r e c o n f i g u r a b l e  fly-by- 
l i g h t / f l i g h t - c r u c i a l  f l i g h t  c o n t r o l  system u t i l i z i n g  b i -  
c o n i c a l  and s t a r  coup le r s  w i l l  probably n o t  appear  before 
1986 and only  t h e n  i n  a p r o t o t y p e  or exper imenta l  form. 
Although t h e  Army's ADOCS is s c h e d u l e d  t o  f l y  i n  1984  on a 
S ikorsky  B l a c k  Hawk h e l i c o p t e r ,  it does n o t  u t i l i z e  t h e  
k ind  of f a u l t  t o l e r a n t  and r e c o n f i g u r a b l e  system required 
by a t r a n s p o r t  a i r c r a f t .  P r e s e n t  i n d i c a t i o n s  are,  
however, t h a t  f u t u r e  m i l i t a r y  a i r c r a f t  w i l l  u t i l i z e  f l y -  
by - l igh t  (FBL) c o n t r o l s .  
W h i l e  o p t i c a l  encoders  a r e  used  i n  spacecraft ,  o t h e r  
a p p l i c a t i o n s  appear  t o  be i n  t h e  exper imenta l  stage.  
Needed s t a n d a r d s  f o r  o p t i c a l  f l i g h t  c o n t r o l s  and da ta  
t r a n s m i s s i o n  systems a r e  j u s t  now i n  t h e  p r o c e s s  of being 
gene ra t ed  by some a i r f r a m e  manufac turers  i n  c o n j u n c t i o n  
w i t h  f i b e r  and connector manufac turers .  I t  a p p e a r s  t h a t  
t h e  f l i g h t  c o n t r o l  a p p l i c a t i o n  s t a t u s  i s  developmental .  
The technology is g r e a t  i f  p r o p e r l y  app l i ed .  C u r r e n t l y ,  
t h a t  t r a n s l a t e s  i n t o  use i n  t r a n s d u c e r s  and d a t a  
t r ansmi s si on 1 i n k s  . 
Fibe r  o p t i c s  i s  widely accep ted  as  a new technology and 
e x c e p t  f o r  t h e  u s u a l  development and technology t r a n s f e r  
problems, is f indirfg increased a p p l i c a t i o n s  i n  a i r c r a f t ,  
m i s s i l e  and s p a c e  v e h i c l e s .  
The a p p l i c a t i o n  of f i b e r  o p t i c s  i s  i n  i t s  in fancy  b u t  
growing and progress ing .  
While  o p t i c a l  data  buses a r e  an  a p p r o p r i a t e  u s e  of t h e  
technology,  have r e s e r v a t i o n s  i e l a t i v e  t o  s e n s o r s  and 
t r a n s d u c e r s .  The b i g g e s t  pay-off i n  o p t i c a l  p rocess ing  
w i l l  l i k e l y  be i n  s i g n a l  p rocess ing  a p p l i c a t i o n s  which 
could  i n c l u d e  missile seeker guidance b u t  n o t  f l i g h t  
c o n t r o l s .  







Opt ics  a p p e a r s  t o  o f f e r  s i g n i f i c a n t  advantages  over  
e l e c t r i c a l  systems i n  such a r e a s  a s  EMI/EMP/lightning 
immunity, bandwidth; and, on pape r ,  s i z e  and weight .  
However, when compared t o  c u r r e n t  e l e c t r i c a l / e l e c t r o n i c  
technology,  t h e s e  advantages  t e n d  t o  d i s s i p a t e ,  i f  n o t  
d i sappear .  Op t i c s  w i l l  on ly  be i n t r o d u c e d  when i t s  
advantages become real--when i t  can buy i t s  way i n .  While 
t h e  e x p l o r a t i o n  of o p t i c s  technology i n  f u t u r e  eng ine  
c o n t r o l  systems i s  c o n t i n u i n g ,  t h e  advantages  c o n t i n u e  t o  
be e l u s i v e  a t  t h e  p r e s e n t  t i m e .  
Within t h e  n e x t  f i v e  y e a r s ,  t h e r e  w i l l  be few p roduc t ion  
a p p l i c a t i o n s  of t h e  technology.  I t  w i l l  p robably  be used 
i n  r e l a t i v e l y  n o n - c r i t i c a l  a p p l i c a t i o n s  and perhaps  t o  
t r a n s f e r  i n fo rma t ion  between f l i g h t  c o n t r o l  computers;  b u t  
advanced s t a t e - o f - t h e - a r t  o p t i c a l  d a t a  buses  connected t o  
o p t i c a l  s e n s o r s  w i t h  o p t i c a l  s i g n a l  p r o c e s s i n g  i s  a t  l e a s t  
1 0  t o  15 y e a r s  away, and more probably  1 5  t o  2 0 .  A 
d e d i c a t e d  e f f o r t ,  d r i v e n  by some s i g n i f i c a n t  b e n e f i t  o r  
problem t o  be so lved  cou ld  s h o r t e n  t h e  t i m e .  A need t o  
s o l v e  EMI/EMP problems could  accelerate  t h e  s c h e d u l e .  I n  
t h i s  ca se ,  t h e  o v e r a l l  c o s t  would be h igh  s i n c e  a l l  
a f f e c t e d  equipment/boxes would have t o  be 
modif ied/redesigned.  Fiber  o p t i c  equipment and 
t r ansmiss ion  l i n e s  do n o t  e a s i l y  i n t e r f a c e  wi th  d i g i t a l  
e l e c t r o n i c  equipment. 
The  use of t h e  l a t e s t  f i b e r s ’ a n d  components i n  f l i g h t  
c o n t r o l  a p p l i c a t i o n s  i s  cons ide red  bo th  f e a s i b l e  and 
d e s i r a b l e .  The r e s u l t s  of m i l i t a r y  expe r i ence  t o  d a t a  i s  
ve ry  encouraging.  However, f u r t h e r  development work i s  
requ i r ed  i n  o p t i c a l  sensor  technology,  redundancy 
management t echn iques  and o p t i c a l  m u l t i p l e x  bus  
a r c h i t e c t u r e s .  
The p o t e n t i a l  i n - f l i g h t  c o n t r o l  a p p l i c a t i o n s  i s  s t r o n g  
l a r g e l y  because of EMI/EMP and weight  s av ing  advantages .  
O p t i c a l  technology f o r  a p p l i c a t i o n  i n  t h e  area of 
engine /a i r f rame c o n t r o l  a p p l i c a t i o n s  requires  more d e s i g n  
and t e s t i n g  under a c t u a l  c o n d i t i o n s  t o  deve lop  a good da ta  
base t o  e s t a b l i s h  t h e  r e l i a b i l i t y  of t h e s e  systems.  T h i s  
i n c l u d e s  a l l  components of t h e  system; s o u r c e s /  
d e t e c t o r s ,  f i b e r  o p t i c  waveguides,  connec to r s  and s e n s o r s .  
U n t i l  t h i s  i s  done, f i be r  o p t i c  technology w i l l  no t  g a i n  
wide-spread acceptance  by e i t h e r  t h e  m i l i t a r y  o r  
commercial i n d u s t r y .  
The b e n e f i t s  of o p t i c a l  technology t o  f l i g h t  c o n t r o l  a r e  
q u e s t i o n a b l e  a t  t h i s  time. Cur ren t  e f f o r t s  s u c h  a s  ADOCS 
are  e s s e n t i a l l y  hybr id  systems w i t h  ana log  s e n s o r s  and 
a c t u a t o r s  and e x t e n s i v e  e l ec t r i ca l  i n t e r f a c e s .  The major 
r a t i o n a l e  f o r  o p t i c a l  f l i g h t  c o n t r o l  is  i n  i t s  immunity t o  
e lec t ro-magnet ic  t h r e a t s .  However, s i n c e  a t o t a l  o p t i c a l  
























b e n e f i t s  of p a r t i a l  p r o t e c t i o n  have y e t  t o  be 
q u a l i f i e d .  
w i l l  s t i l l  be a requirement  under these c o n d i t i o n s  and 
e l e c t r i c a l  power t r ansmiss ion  will con t inue  t o  be a m a j o r ,  
issue.  
Extens ive  s h i e l d i n g  and r a d i a t i o n  hardening  
o I t  is  clear t h a t  t h e  many advantages  o f f e r e d  by t h e  
e lectro o p t i c a l  medium f o r  s i g n a l  g e n e r a t i o n  and 
t r a n s m i s s i o n  i n  a f l i g h t  c ruc ia l  f l i g h t  c o n t r o l  system can 
e l i m i n a t e  i n  a c o s t  e f f e c t i v e  manner t h e  p o t e n t i a l  haza rds  
of envi ronmenta l ly  induced i n t e r f e r e n c e  t o  which t h e  
conven t iona l  fly-by-wire c o n t r o l  system is  s e n s i t i v e .  For 
t h i s  reason ,  government and i n d u s t r y  should  work t o g e t h e r  
more c l o s e l y  t o  achieve  a more o r d e r l y  and t ime ly  






















I n d u s t r y  P o i n t s  of Contact  on O p t i c a l  Components 
Respondees t o  a technical  q u e s t i o n n a i r e  inc luded  t h e  
names of companies and,  i n  some cases, a f f i l i a t e d  
i n d i v i d u a l s  involved  i n  t h e  development and/or manufacture  
of o p t i c a l  components. T h i s  l i s t i n g  of c o n t a c t s  i s  provided  
fo r  in fo rma t ion ,  recogniz ing  t h a t  i t  is  r e p r e s e n t a t i v e  of 
o n l y  a small number of t h e  many companies a s s o c i a t e d  w i t h  
o p t i c a l  technology and/or products .  Thus ,  no s i g n i f i c a n c e  
i s  in t ended  i n  ei ther the  i n c l u s i o n  or omission of any 
names . 
!I!RANSDUCERS/SENSORS 
- Rotary Transducer 
H a m i l  ton-Standard 
ATTN: P h i l i p  Lefkowitz 
Bradley F i e l d  Road 
Windsor L o c k s ,  CT 06096 
(203) 677-3021 
- Linear  Transducer 
Boeing Aerospace 
ATTN: A r t  Van A u s d a l  
P.O. Box 3999 
Seat t le ,  WA 98124 
(206) 773-1375 
- Pressure Transducer 
Parker Hanni f in  
Bertea Div i s ion  
ATTN: Roy Cass 
18001 Von Karman 
I r v i n e ,  CA 92715 
(714) 833-1424 
TRW E l e c t r o n i c s  Group 
ATTN: Malcom Hodge 
401 N. Broad S t ree t  
P h i l a d e l p h i a ,  PA 19108 
(215) 922-8900 
Sper ry  F l i g h t  Systems 
ATTN: Larry Gardner 
P. 0. Box 9200 
Albuquerque, NM 87119 
(505) 822-5155 
T e l  edyne-Ryan 
E l e c t r o n i c s  
ATTN: John C. Moore 
8650 Baiboa Avenue 
P.O. Box 23505 






















- Optical Servovalve 
Boeing M i l i t a r y  Airp lane  Co. Sper ry  F l i g h t  Systems 
ATTN: Norm Huffnagle  ATTN: Larry Gardner 
220 Wynn Dr ive  P. 0. Box 9200 
H u n t s v i l l e ,  AL 35807 Albuquerque, NM 87119 
(205) 532-8179 (505) 822-5155 
- Sidearm C o n t r o l l e r  
Boeing V e r  t o 1  
ATTN: Bruce Bloke 
P.O. Box 16858 
P h i l a d e l p h i a ,  PA 19142 
(215) 522-3618 
- Gyroscopes ( I n c l u d e s  r i n g  laser  and p a s s i v e  gy ros )  
Gould Inc .  Raytheon 
Honeywell, I n c  . Rockwell ( A u t o n e t i c s )  
Lear S i e g l e r ,  I n c .  S inger  ( K e a r f o t t )  
L i t t o n  I n d u s t r i e s  Spe r ry  
Mart in  (Orlando) Sunds t rand  
McDonnell Douglas Thompson CSF 
Northrop ( P r e c i s i o n  Products )  
- F l i g h t  Demonstration of O p t i c a l  Transducers  
B e l l  Hel icopter-Textron McDonnell Douglas 
ATTN: M.R. Murphy A s t r o n a u t i c s  
P.O. Box 482 ATTN: D r .  R. Wood 
F o r t  Worth, TX 76101 Huntington Beach, CA 96241 
(817) 280-2153 
Boeing Aerospace Co. Rockwell I n t e r n a t i o n a l  
ATTN: A. W. Van Ausdal ATTN: E. J. Solomon 
P. 0. Box 3999 4300 East 5 t h  Avenue 
S e a t t l e ,  WA 98124 P. 0. Box 1259 
Co lumbus ,  OH 43215 
Delco E l e c t r o n i c s  Spe r ry  Corpora t ion  
6767 H o l l i s t e r  Avenue F l i g h t  Systems D i v i s i o n  
Galeta, CA 93117 2 1 1 1  North 1 9 t h  Avenue 
Phoenix,  AZ 85027 
- Other Companies Noted i n  Transducer/Sensor Area 
Hewlett-Packard P l e s s e y  




AMP Inc.  Amphenol Connector 
Eisenhower Blvd. 2801 So. 25th Ave. 
Harr i sburg ,  PA 17105 Broadview, I L  60153 
Bendix Corp. Deutsch Co. 
1 0 0 0  Wilson Blvd. E lec t r ic  Components Div. 
Ar l ing ton ,  VA 22209 Municipal A i r p o r t  
GTE Products  Corp. Hughes A i rc ra f t  Company 
2401 Reach Road 17150 Von Rarman Ave. 
Wi l l iamspor t ,  PA 17701 I m i n e ,  CA 92714 
Banning, CA 92220 
ITT Cannon Motorola Inc .  
666  E .  Dyer Road P.O. Box 20912 
Santa Anna, CA 92702 Phoenix,  AZ 85036 
O p t i c a l  Fiber Tech. P l e s s e y  Connectors  
14 For tune  Dr ive  Limited 
B i l l e r i ca ,  MA 01821 Northampton, England 
T R W  
Connectors D i v i s i o n  
1501 Morse Avenue 









































American O p t i c a l  Corp. 
1 4 G  Mechanic 
Southbr idge ,  MA 01550 
Eal ing  Optics Corp. 
2225 Massachuset ts  Ave. 
Cambridge, Ma 02140 
F i b e r p h o t i c s  
2257 Soquel Dr ive  
San ta  Cruz, CA 95060 
Bi lden  F i b e r  O p t i c s  
2000 South Ba tav ia  Ave. 
Geneva, I L  60134 
Edmund S c i e n t i f i c  Co. 
1 0 1  East Glaucester P i k e  
Ba r r ing ton ,  N J  08007 
G a l i l e o  Elec t ro-Opt ics  
G a l i l e o  Park 
S t u r b r i d g e ,  MA 01518 
Corpora t i o n  
V a l t e c h  Corpora t ion  
99 Hartwell S t r ee t  
West Boylston,  MA 01583 
OPTICAL DATA BUSSES (Developments Large ly  fo r  Company 
Product A p p l i c a t i o n s )  
Boeing Aerospace Co. 
Engineer ing  Technology 
ATTN: M r .  G.E. M i l l e r  
P. 0. Box 3999 
Sea t t l e ,  WA 98124 
Honeywell , Inc .  
Systems & Research Center 
Minneapol is ,  MN 55431 
IBM Federal Systems Div. 
Bodle H i l l  Road 
Owego, NY 13827 
McDonnell Douglas 
A s t r o n a u t i c s  
Huntington Beach, CA 92641 
Georgia  I n s t i t u t e  of 
Engineer ing Experiment 
ATTN: D r .  M.A. R icha rds  
ATTN: D r .  Powers Garmon 
A t l a n t a ,  GA 30332 
Technology 
S t a t i o n  
Hughes Research Lab. 
3011 Malibu Canyon R d .  
Malibu, CA 90265 
ITT E lec t ro -Opt i ca l  
Products  D i v i s i o n  
7635 P l a n t a t i o n  Road 
Roanoke, VA 24019 
S p e c t r o n i c s ,  I n c .  
830 E. Arapaho Road 
Richardson, TX 75080 
Sperry  Corpora t ion  
F l i g h t  Systems 
2111 N. 1 9 t h  Avenue 
Phoenix, A 2  85027 
OPTICS FOCUSING ON ENGINE CONTROLS 
Babcock & Wilcox 
Mr. John Ber tho ld  
A l l i a n c e  Research C t r .  
1562 Beeson S t r e e t  
A l l i a n c e ,  OH 4 4 6 0 1  
General  E lec t r ic  Co. 
Mr. P a u l  Mossey 
P. 0. Box 6301  
C i n c i n n a t i ,  OH 45215 
MS-H-78 
Radia t ion  Monitor ing Devices  
Mr. Gerald Eu t ine  
4 4  Hunt S t r e e t  
Watertown, MA 02172 
TRW 
D r .  Madan Sharma 
F i b e r  Op t i c s  Ins t rumen t s  
Redundo Beach, CA 90277 
GENERAL 
McDonnell Douglas Corpora t ion  
Mr. G u s  Weinstock 
P. 0. Box 516 
S t .  L o u i s ,  MO 63166 
(314) 233-43 43 
45  
Boeing M i l i t a r y  
Mr, Richard Bartholomew 
P.O. Box 1470 
H u n t s v i l l e ,  AL 
OPOCA, Inc .  
Mr. Ken James 
1202 N. Broadway 
San ta  Ana, CA 92701 
Ai rp lane  Company 
Simmonds P r e c i s i o n  
Mr. Dennis DeFreitas 
1 5 0  White P l a i n s  Road 
Tarrytown, NY 10591 
United Technologies  
Research 
S il v e r  L ane . E. Har t fo rd ,  CT 06108  
D r .  B i l l  Glenn 
M r .  James B e r a k  
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